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EXECUTIVE  SUMMARY 


Site  SS59  at  Dover  Air  Force  Base,  Delaware  is  under  investigation  for  the  remediation  of 
ground  water  which  was  contaminated  by  a  system  of  industrial  waste  basins  operated  to  the 
north  of  this  area  and  maintenance  activities  associated  with  the  Paint  Washout  Area.  The 
secondary  basins  of  this  system  were  closed  in  1986  under  RCRA.  The  primary  chemicals  of 
concern  at  Site  SS59  include  chlorinated-VOCs  (e.g.,  DCE,  TCE,  TCA)  and  hydrocarbon 
compounds  (e.g.,  BTEX).  As  part  of  the  Department  of  Defense  Installation  Restoration 
Program,  a  Feasibility  Study  was  completed  for  the  site  in  September  of  1994  by  EA 
Engineering,  Science,  and  Technology.  Remedial  Actions  at  Site  SS59  will  be  addressed  as 
part  of  the  Area  6  investigation  at  Dover  Air  Force  Base. 

An  initial  series  of  pilot  Aquifer  Air  Sparging/Soil  Vapor  Extraction  (AAS/SVE)  studies  were 
conducted  in  two  test  areas  at  Site  SS59  from  July  to  November  1993  by  EA  in  order  to  assess 
the  viability  of  this  technology  for  removing  the  primary  chemicals  of  concern.  It  was 
determined  from  these  studies  that  the  effective  radius  of  influence  (ROI)  of  an  AAS  system  at 
Site  SS59  was  approximately  45  ft.  The  ROI  is  indicative  of  the  distance  from  the  sparge  well 
where  air  channels  are  of  sufficient  density  that  air  flow  through  them  will  affect  the  saturated 

zone. 

With  respect  to  the  need  to  initiate  active  remediation  at  the  site,  the  AAS/SVE  system  was 
modified,  and  permanent  hardware  was  installed,  for  utilization  as  an  interim  remedial  action 
at  Site  SS59.  However,  the  system  was  not  designed  to  remediate  the  full  site,  rather  mainly 
to  further  investigate  the  feasibility  of  an  AAS/SVE  system  at  Site  SS59.  In  addition  to 
monitoring  system  operational  parameters  for  the  interim  remedial  action,  an  extended  pilot 
AAS/SVE  study  was  conducted  from  June  1994  to  January  1995  in  both  test  areas  of  the  site. 
This  report  contains  a  discussion  of  the  feasibility  of  a  full-scale  AAS/SVE  system  at  Site  SS59 
based  upon  the  results  of  this  extended  study.  The  existing  system  is  not  intended  to  achieve 
the  remedial  goals  for  Site  SS59.  After  the  completion  of  the  extended  study,  the  AAS/SVE 
system  remained  in  operation  in  both  test  areas  as  part  of  the  remedial  program  for  ground 
water  at  Site  SS59. 

In  order  to  verify  the  ROI  from  the  initial  treatability  studies,  a  tracer  gas  study  also  was 
conducted  in  Test  Area  1  during  the  extended  pilot  test.  The  tracer  gas  study  (which  employed  a 
mixture  of  air  and  gaseous  sulfur  hexafluoride  injected  into  the  saturated  zone)  was  conducted 
over  a  two  day  period  at  injection  flow  rates  of  4.0  and  8.4  scfm.  The  observed  soil  gas  SFg 
concentrations  suggested  a  slight  influence  due  to  AAS  up  to  45  ft  in  the  shallow  zone  of  the 
aquifer  (7  to  17  ft  bgs)  and  up  to  45  ft  in  the  deep  zone  (3 1  to  36  ft  bgs).  The  observed  ground- 
water  SF6  concentrations  suggested  a  minimal  influence  due  to  AAS.  The  observed  differential 
pressure  data  indicated  a  positive  influence  (^0. 1  inches  of  water)  due  to  AAS  up  to  75  ft  in 
the  shallow  zone  with  little  or  no  effect  in  the  deep  zone.  Increasing  the  flow  rate  into  the 
AAS  well  did  not  appear  to  extend  the  ROI.  Based  upon  the  tracer  gas  data,  the  AAS  system 
in  Test  Area  1  appeared  to  have  some  influence  on  the  aquifer  up  to  45  ft  from  the  point  of 
injection  (primarily  in  the  shallow  zone)  but,  since  the  observed  SF6  concentrations  were  far 
lower  than  anticipated,  the  degree  of  this  influence  did  not  appear  to  be  substantial. 


ES-1 


During  the  extended  study,  the  SVE  system  was  highly  efficient  for  removing  vapor-phase 
COCs  from  the  vadose  zone.  An  overall  99.4%  reduction  in  the  total  vapor-phase  VOC 
concentrations  was  affected  (the  average  level  decreased  from  21.723  ppmv  to  0. 126  ppmv)  in  the 
vadose  zone  within  Test  Areas  1  and  2.  Soil  gas  concentrations  decreased  in  all  of  the 
monitoring  points  within  the  45  ft  ROI. 

Over  both  test  areas,  ground-water  VOC  concentrations  decreased  in  approximately  36%  of  the 
monitoring  wells,  increased  in  52%,  and  remained  the  same  in  about  12%  of  the  monitoring 
wells  over  the  duration  of  the  study.  The  increase  of  ground-water  concentrations  which  was 
observed  appears  to  indicate  that  contaminants  were  being  mobilized  due  to  AAS.  These 
increases  were  related  to  the  mechanisms  of  contaminant  removal  (i.e.,  mobilization  processes 
such  as  desorption  from  subsurface  soils)  and  represented  a  beneficial  and  expected  effect  of  the 
AAS  system.  Mobilization  of  the  COCs  (and  the  subsequent  increase  in  ground-water 
concentrations)  would  be  a  necessary  first  step  for  remediation  with  AAS/SVE.  Once 
transferred  into  an  aqueous  phase,  the  contaminants  could  then  be  transported  to,  and  extracted 
from,  the  vadose  zone. 

A  time-weighted  average  of  0.05  lb/d  of  the  primary  COCs  was  observed  in  the  offgas  of  the 
AAS/SVE  system,  although  a  peak  of  0.54  lb/d  was  observed  during  one  of  the  sampling  events. 
Due  to  this  low  average  mass  removal  rate,  the  AAS  system  was  less  effective  than  expected  for 
volatilizing  the  contaminants  present  in  the  saturated  zone.  This  appears  to  have  been  the  result 
of  flow  channeling  within  the  aquifer.  The  higher  mass  removal  rate  was  observed  following  a 
six  day  period  of  non-operation  and  may  be  attributed  to  the  mobilization  of  a  zone  of  higher 
concentration  of  VOCs,  or  it  may  be  attributed,  in  part,  to  the  beneficial  effects  of  system 
“pulsing”.  The  lack  of  pulsing  during  operation  of  an  AAS/SVE  system,  as  supported  in  the 
literature,  tends  to  lead  to  the  formation  of  stable  flow  channels  and  reduced  air/contaminant 
interaction. 

A  total  of  19. 1  lbs  of  the  primary  COCs  were  removed  during  the  initial  (8.9  lbs)  and  extended 
(10.2  lbs)  treatability  studies  at  Site  SS59.  Offgas  emissions  from  the  SVE  system  were  treated 
with  GAC  prior  to  ventilation  to  the  atmosphere.  VOC  concentrations  in  the  emissions  from  the 
system  (ranging  from  non-detect  to  0. 1  Ib/d)  did  not  exceed  DNREC  criteria  (2.4  lb/d). 

Based  upon  the  results  of  the  extended  pilot  test,  it  appears  that,  quantitatively,  the  existing 
AAS/SVE  system  had  a  positive  effect  within  the  45  ft  ROI  with  respect  to  approaching 
remedial  goals  at  Site  SS59.  However,  in  a  qualitative  sense,  the  degree  of  this  effect  (e.g.,  the 
observed  removal  rate,  the  extent  of  flow  channeling  and  the  SF6  concentrations  found  in 
groundwater)  appears  to  be  insufficient  for  the  efficient  remediation  of  the  relatively  low  VOC 
concentrations  at  the  site.  In  light  of  the  Area  6  investigations  at  DAFB,  other  remedial 
alternatives  will  be  implemented  on  an  interim  basis  at  the  site.  Intrinsic  bioremediation  will  be 
evaluated  to  determine  its  viability  for  Site  SS59.  If  intrinsic  bioremediation  addresses  the  low 
concentrations  of  ground-water  contamination  no  other  active  remediation  will  occur. 

Therefore,  it  is  recommended  that  the  existing  AAS/SVE  system  should  not  be  expanded  to  a 
full-scale  remedial  action  for  the  site. 
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1.  INTRODUCTION 


1.1  BACKGROUND 

Dover  Air  Force  Base  (DAFB)  is  located  next  to  the  city  of  Dover  in  Kent  County,  Delaware 
(Figure  1-1).  The  installation  encompasses  approximately  4,000  acres  of  land  including 
annexes,  easements,  and  leased  properties.  Site  SS59  at  DAFB  (Figure  1-2)  is  under 
investigation  for  the  remediation  of  ground  water  which  was  contaminated  by  a  system  of 
industrial  waste  basins  (Site  WP-21)  operated  to  the  north  of  this  area  and  the  maintenance 
activities  at  the  Paint  Washout  Area.  The  secondary  basins  of  this  system  were  closed  in  1986 
under  RCRA.  The  primary  Compounds  of  Concern  (COCs)  at  Site  SS59  include  chlorinated- 
Volatile  Organic  Compounds  (VOCs)  (e  g.,  DCE,  TCE,  TCA)  and  hydrocarbons  (e.g.,  BTEX). 
As  part  of  the  Department  of  Defense  (DOD)  Installation  Restoration  (IR)  Program,  a  Feasibility 
Study  (FS)  was  completed  for  the  site  in  September  of  1994  (EA,  1994a).  Remedial  Actions  at 
Site  SS59  will  be  addressed  as  part  of  the  proposed  plan  for  the  Area  6  investigation  at  DAFB. 

The  study  area  is  part  of  the  larger  study  currently  being  conducted  under  the  basewide  RI/FS 
program  at  DAFB.  Subsequent  to  the  completion  of  the  Feasibility  Study  Report  for  Site  WP- 
21  (EA,  1994a)  the  area  comprising  Site  WP-21  was  redefined.  Site  WP-21  as  a  whole  is 
located  within  Area  6  of  the  IR  Program.  It  was  divided  into  the  former  industrial  basins  (Site 
WP-21)  and  the  area  south  of  the  maintenance  area  fence  (Site  SS59)  (Figure  l-2a).  The 
combined  areas  are  located  within  what  has  been  defined  as  Target  Area  1  (the  areas  associated 
with  shallow  chlorinated  solvent  sources  and  the  most  significant  portions  of  the  associated 
plumes).  The  Treatability  Study  (EA,  1994b)  previously  conducted  as  part  of  the  Site  WP-21 
FS,  and  the  information  reported  in  this  document,  have  been  performed  in  the  area  now 
designated  as  Site  SS59.  No  further  action,  other  than  long-term  monitoring,  is  being  taken  at 
Site  WP-21. 

1.2  OBJECTIVES 

Site  SS59  at  DAFB  has  been  identified  as  containing  COCs,  consisting  primarily  of  VOCs, 
which  exceed  the  regulated  limits  established  by  the  State  of  Delaware.  The  FS  for  Site 
WP-21  (EA,  1994a)  identified  the  in-situ  technology  of  Aquifer  Air  Sparging/Soil  Vapor 
Extraction  (AAS/SVE)  as  an  applicable  technology  for  the  remediation  of  ground  water.  A 
series  of  short-term  treatability  studies  were  performed  in  two  test  areas  at  Site  SS59  from  July 
to  October  1993  (EA,  1994b)  in  order  to  evaluate  the  feasibility  and  effectiveness  of  the  AAS 
and  SVE  systems  to  remove  VOCs  from  the  vadose  and  saturated  zone  beneath  the  site,  and  to 
establish  the  design  criteria  necessary  for  the  potential  design  and  implementation  of  a  full 
scale  AAS/SVE  system  at  the  site.  The  tests  in  each  of  the  test  areas  included  a  36-hour  pilot 
test  for  each  AAS  (only)  and  SVE  (only)  system  preceding  a  12-day,  combined,  AAS/SVE 
system  pilot  test.  Sampling  consisted  of  VOCs  in  soil,  ground  water,  and  soil  gas,  differential 
pressures  at  the  individual  monitoring  points,  dissolved  oxygen  and  CO2  in  ground  water,  and 
system  operational  parameters  such  as  injection  flow  rate,  injection  pressure,  offgas  VOCs, 
and  offgas  temperature  and  C02  content.  It  was  determined  from  this  study  that  the  effective 
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Radius  of  Influence  (ROI)  of  an  AAS  system  at  Site  SS59  was  approximately  45  ft.  As  a 
result  of  this  study,  AAS/SVE  was  determined  to  be  feasible  for  this  site. 

Based  upon  the  need  to  initiate  active  remediation,  the  AAS/SVE  system  was  modified,  and 
permanent  hardware  was  installed,  for  utilization  as  a  limited  interim  remedial  action  for  Site 
SS59.  The  system  was  not  designed  to  remediate  the  full  study  area,  rather,  mainly  to  further 
investigate  the  feasibility  of  an  AAS/SVE  system  at  the  site.  In  addition  to  monitoring  system 
operational  parameters  and  differential  pressures  for  this  interim  remedial  action,  an  extended 
pilot  study  was  conducted  between  June  1994  and  January  1995.  This  included  monitoring 
offgas  VOC  concentrations  during  fourteen  sampling  events  and  ground-water  VOC 
concentrations  during  three  sampling  events  (pre-,  mid-,  and  post-test).  This  report  presents  a 
discussion  of  the  results  obtained  from  this  extended  study. 

Additionally,  in  order  to  verify  the  ROI  determined  from  the  initial  treatability  studies,  a  tracer 
gas  study  was  conducted  in  Test  Area  1  during  the  extended  pilot  test.  The  results  of  this  study 
are  included  as  Appendix  A  in  this  report. 

1.3  GEOLOGY  AND  HYDROGEOLOGY 

Information  regarding  the  overburden  geology  at  Site  SS59  was  obtained  during  the  installation 
of  the  series  of  monitoring  wells  designed  for  the  RCRA  ground-water  monitoring  programs  and 
the  pilot  AAS/SVE  study.  Site  SS59  predominantly  consists  of  the  fine  to  medium  grained 
sands  of  the  Columbia  Formation.  Previous  data  suggests  that  the  site  is  underlain  by  40  ft  of 
coarsening  sand  with  discontinuous  lenses  of  silt  and  fine  sand.  A  possible  channel  lag  deposit 
containing  rip-up  casts  of  clay  and  rock  fragments  was  detected  from  17  to  20  ft  in  the  boring 
for  well  21 1-D.  No  continuous  clay  layer  was  detected  under  the  site.  Discontinuous  clay  lenses 
are  known  to  occur  in  the  Columbia  Formation  (Bachman,  1984). 

The  Kirkwood  Formation  of  the  Chesapeake  Group  directly  underlies  the  Columbia  Formation 
and  serves  as  the  aquitard  at  the  base  of  the  unconfined  aquifer.  It  consists  of  a  stiff,  dark  gray, 
silty  clay  ranging  from  18  to  28  ft  thick.  Paleotopography  with  up  to  50  ft  relief  was  developed 
on  the  surface  of  the  Kirkwood  formation  during  deposition  of  the  Columbia  sediments.  This 
paleotopography  exerts  localized  control  over  the  ground-water  flow  direction  in  the  overlying 
Columbia  aquifer. 

The  Frederica  aquifer  underlies  the  Kirkwood  Formation.  It  consists  of  silty  sands  with 
relatively  low  permeability  and  water  yields.  The  Frederica  aquifer  is  underlain  by  60  to  70  ft  of 
silty  sand  which  serves  as  an  aquitard  and  overlies  the  Cheswold  Aquifer  which  is  one  of  the 
primary  water  supply  aquifers  in  the  Dover  area. 

The  average  depth  to  ground  water  at  the  site  is  nominally  1 1  ft  below  grade  but  varies 
seasonally.  During  periods  of  a  low  water  table,  ground-water  flow  at  DAFB  is  towards  the 
south.  The  flow  direction  changes  to  the  southeast  during  periods  of  elevated  ground  water. 
Baseflow  discharge  to  downgradient  surface  water  drainage  ditches  may  occur  at  this  time. 
Ground-water  flow  for  Site  SS59  is  to  the  south.  Evidence  from  wells  which  were  drilled  in 
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1990  suggest  that  a  paleotopographic  trough  in  the  surface  of  the  Kirkwood  Formation  may 
direct  subsurface  flow  within  the  deeper  portions  of  the  Columbia  aquifer  beneath  the  site 
(HAZWRAP,  1990).  The  trough  is  aligned  north  to  south  and  the  site  is  located  over  the  central 
axis  which  plunges  to  the  south.  This  feature  may  help  to  channelize  flow  during  low  water 
conditions  towards  the  south  and  have  less  of  an  effect  during  high  water  conditions  when  the 
water  table  "floods"  the  underlying  paleotopography. 

The  saturated  thickness  of  the  Columbia  aquifer  ranges  from  1 5  to  20  ft  in  the  western  portion  of 
the  base  to  70  ft  in  the  eastern  portion.  Hydraulic  conductivities  derived  from  previous, 
basewide,  pump-test  data  range  from  55  to  150  ft/day.  The  average  hydraulic  gradient  is  0.001 
but  may  vary  with  seasonal  recharge.  Assuming  30%  porosity  in  the  sediments,  the  ground- 
water  flow  velocity  within  the  Columbia  aquifer  ranges  from  67  to  182  ft/yr.  Figure  1-3  shows 
the  general  ground-water  flow  patterns  within  the  Columbia  aquifer  at  DAFB.  A  ground-water 
flow  divide  is  present  in  this  aquifer,  trending  NW-SE,  underlying  the  main  runway  trending  in 
the  same  direction.  Ground  water  to  the  northeast  of  the  divide  discharges  into  the  St.  Jones 
River.  Although  capable  of  producing  low  yields  which  would  be  suitable  for  domestic  or  light 
commercial  use,  the  Columbia  aquifer  is  not  currently  being  used  for  this  purpose  at  or  near 
DAFB. 

In  May_ of  1993,  twelve  soil  borings  were  installed  using  hollow-stem  auger  methods  to  the  top 
of  the  Kirkwood  (EA,  1994b).  Total  depths  ranged  from  38  to  52  ft  below  grade.  The  borings 
were  installed  immediately  downgradient  of  the  closed  basins  on  a  grid  system  in  three  rows, 
with  adjustments  for  buried  utilities  (Figure  1-4).  Borings  B-l  through  B-4  were  positioned 
approximately  125  ft  downgradient  of  the  closed  lagoons  to  the  north  of  Site  SS59.  The  second 
row  of  borings,  B-5  through  B-8,  were  positioned  approximately  125  ft  further  downgradient. 

The  third  row  of  borings,  B-9  through  B-l  1  were  positioned  approximately  175  ft  downgradient 
of  the  second  row.  Due  to  existing  utilities,  boring  B-l 2  was  repositioned  between  borings  B-7 
and  B-8.  The  distance  between  borings  in  each  row  was  approximately  1 10  ft. 

Stratigraphic  cross-sections  were  constructed  using  the  soil  boring  data  (Figures  1-5  to  1-8).  The 
cross-sections  were  developed  by  correlating  similar  lithologies,  as  described  in  the  soil  logs, 
between  boreholes.  Soil  types  displayed  between  boreholes  are  therefore  interpretive  and  based 
upon  an  evaluation  of  the  available  data.  The  correlation  decision  process  was  guided  by  the 
need  to  select  the  best  stratigraphic  location  (i.e.,  the  least  amount  of  clay  and  silt)  for  the 
treatment  system. 

The  stratigraphic  data  indicates  that  the  site  is  underlain  primarily  by  fine  to  coarse  sand, 
interbedded  with  laterally-discontinuous  lenses  of  silty  sand  and  silty  clay.  In  general,  the 
formation  coarsens  downward.  Silts  and  fine-grained  sands  were  found  predominantly  above 
the  water  table  in  borings  B-9,  B- 10,  and  B-l  1.  The  most  significant  clay  layer  (approximately 
1  to  3  ft  thick)  was  found  4  to  6  ft  below  grade  in  borings  B-3,  B-4,  and  B-7  in  the  northeast 
portion  of  the  site.  The  clay  lenses  observed  throughout  the  remainder  of  the  site  are  situated 
below  the  water  table  and  are  generally  only  several  inches  thick.  Thin  (<  1  foot  thick), 
discontinuous  clay  lenses  were  found  below  the  water  table  in  borings  B-5,  B-9,  and  B-10. 
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Isolated  gravel  deposits,  possibly  channel  lag,  were  found  below  the  water  table  in  borings  B-7 
and  B-10. 

The  predominance  of  fine  to  coarse  sand  and  the  lack  of  continuous  clay  layers  indicated  that  the 
site  was  amenable  to  conducting  an  AAS/SVE  pilot  study.  The  location  of  the  test  system  took 
into  account  the  site  specific  stratigraphy.  The  geometry  and  location  of  the  test  systems  were 
selected  to  avoid  the  northeast  comer  clay  layer,  the  fine-grained  soils  near  B-9  and  B-10,  and 
site  utilities. 

Additional  stratigraphy  cross-sections  were  developed  from  the  geologic  data  collected  during 
the  installation  of  the  monitoring  and  sparge  wells  (Figures  1-9  to  1-12).  The  layout  of  the 
monitoring  well  network  is  presented  in  Figure  3.1-6.  As  observed  from  the  original  borings, 
these  stratigraphic  data  indicated  that  the  site  is  underlain  primarily  by  fine  to  coarse  sand, 
interbedded  with  laterally-discontinuous  lenses  of  silty  sand  and  silty  clay .  Again,  small,  non¬ 
contiguous  clay  lenses  were  identified  below  the  water  table. 
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2.  TECHNOLOGY  DESCRIPTION 


2.1  SOIL  VAPOR  EXTRACTION 

Soil  Vapor  Extraction  (SVE)  is  a  proven  and  well-documented  technology  for  the  effective 
removal  of  vapor  and  adsorbed  phase  VOCs  from  the  unsaturated  (vadose)  zone.  VOCs  are 
removed  from  the  vadose  zone  as  a  negative  pressure  is  exerted  by  a  vacuum  pump  that  is 
connected  to  an  extraction  well  or  trench.  This  results  in  the  flow  of  soil  gas  towards  the 
extraction  well/trench,  while  concurrently  effecting  an  interphase  transfer  from  the  immiscible 
and  aqueous  phases  to  the  vapor  phase,  which  is  also  subsequently  extracted  from  the  subsurface 
(Marley  et  al.,  1990).  This  interphase  transfer  is  dependent  upon  several  factors,  the  most 
important,  perhaps  being  the  volatility  of  the  COCs.  A  chemical's  volatility  is  directly  related  to 
the  degree  to  which  it  will  partition  into  the  vapor  phase  in  the  soil  gas.  The  parameter  that  best 
describes  the  volatility  of  a  compound  is  its  vapor  pressure.  It  has  been  suggested  that 
compounds  with  vapor  pressures  greater  than  0.5  to  1.0  mm  Hg  at  20°C  are  amenable  to  removal 
by  SVE  (EPA,  1991a  and  The  Hazardous  Waste  Consultant,  1990,  respectively). 

The  pumping  action  of  the  SVE  process  supplies  a  continuous  air  flow  through  the  soil  which,  in 
turn,  provides  rate-limiting  oxygen  which  may  enhance  aerobic  biodegradation  of  petroleum 
hydrocarbons.  Biodegradation  for  petroleum  hydrocarbons  has  been  reported  to  contribute  as 
much  as  55  to  85  percent  of  the  removal  rate  (of  jet  fuel)  during  SVE  (Miller  et  al.,  1990). 
Similar  biodegradation  would  not  be  expected  for  chlorinated  solvents. 

The  effectiveness  of  SVE  is  also  affected  by  many  other  factors  such  as  soil  permeability.  Soil 
permeability  is  a  key  parameter  not  only  in  deciding  if  SVE  will  be  a  feasible  remedial  option, 
but  also  for  determining  the  SVE  system  design  specifications.  If  the  air  permeability  is  less 
than  10'10  cm2,  SVE  may  not  be  feasible  (EPA,  1991b).  A  soil  that  is  not  highly  heterogeneous 
and  which  possesses  an  air  permeability  of  10-6  to  10*7  cm2  or  greater  is  believed  to  be  adequate 
for  SVE  (EPA,  1991b  and  Guidemann  &  Hiller,  1988,  respectively). 

2.2  AQUIFER  AIR  SPARGING 

Aquifer  Air  Sparging  (AAS),  sometimes  referred  to  as  " in-si tu  air  stripping,"  is  an  emerging 
technology  involving  the  removal  of  VOCs  from  the  saturated  zone.  This  technology  involves 
the  selective  injection  of  atmospheric  air  into  the  saturated  zone.  This  technology  has  been 
reported  to  have  resulted  in  ground-water  cleanup  to  the  low  ppb  range  (Ardito  and  Billings, 
1990;  Haress,  1989;  Marley,  1991;  Middleton  and  Hiller,  1990;  EPA,  1992a;  EPA,  1992b; 
Athens  et  al.,  1993;  Looney  et  al.,  1991).  Interim  results  at  one  AAS  site  indicate  in-situ 
removal  of  BTEX  compounds  as  great  as  99.94  percent  (Athens  et  al.,  1993). 


Similar  to  SVE,  contaminant  removal  is  achieved  during  AAS  by  a  combination  of  volatilization 
and  aerobic  biodegradation.  The  degree  to  which  each  process  contributes  to  contaminant 
removal  is  site  specific.  Cooley  and  Billings  (1993)  indicated  that  at  typical  petroleum 
hydrocarbon  contaminated  sites,  70  to  90  percent  of  the  contaminant  removal  is  achieved  by 
biodegradation  with  the  remainder  being  removed  by  volatilization. 
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Volatilization  occurs  during  AAS  as  the  injected  air  moves  horizontally  and  vertically  through 
the  saturated  soil  column.  Contaminant  mass  transfer  occurs  as  the  dissolved  and  residual 
(adsorbed)  phase  VOCs  existing  within  the  saturated  soil  column  are  contacted  and  partition  into 
the  advective  air  phase,  roughly  simulating  an  in-situ  air  stripping  process.  The  "strippability"  of 
VOCs  is  approximated  by  the  chemical-specific  Henry's  Law  constant  (Kh).  Henry's  Law 
predicts  the  tendency  of  a  compound  to  partition  from  the  liquid  to  the  vapor  phase.  A  KH  value 
greater  than  10'5  atm*m3*mole''  would  indicate  a  compound  that  is  "strippable"  by  AAS  (Brown 
et  al.,  1991).  As  the  air  channels  (containing  the  "stripped"  contaminants)  displace  water 
existing  within  the  saturated  zone  pore  space,  they  are  transported  to  the  vadose  zone,  where  the 
contaminants  can  be  captured  by  an  SVE  system  (which  is  generally  operated  concurrently  with 
an  AAS  system).  Without  SVE,  the  vapors  introduced  to  the  vadose  zone  by  the  AAS  mass 
transfer  process  will  increase  the  concentration  and  extent  of  vapor  phase  VOCs  in  the  vadose 
zone,  as  well  as  presenting  potential  migration  problems  (e.g.,  into  basements  or  utility 
conduits). 

Similar  to  SVE,  favorable  soil  conditions  are  prerequisite  to  a  successful  AAS  system.  Saturated 
soils  that  are  not  highly  heterogeneous  with  a  hydraulic  conductivity  (K)  in  the  range  of  10'3 
cm/sec  or  greater  are  required  to  allow  for  sufficient  air  transmission  through  the  saturated  zone 
(Middleton  and  Hiller  1990;  and  Brown  et  al.,  1991),  however,  some  successful  AAS  projects 
have  been  undertaken  at  sites  where  the  hydraulic  conductivities  were  in  the  range  of  10'4  cm/sec 
(Athens  et  al.,  1993,  Cooley  and  Billings  1993). 

A  hydraulic  conductivity  of  5  x  10"2  cm/sec  in  the  Columbia  surficial  (unconfined)  aquifer  was 
calculated  from  the  data  obtained  during  an  aquifer  pump  test  at  monitoring  well  MW-1  (EA, 
1994b).  Discontinuous  clay  lenses  were  thought  to  possibly  exist  in  the  Columbia  Formation  at 
this  site  based  upon  a  literature  reference  (Bachman,  1984),  which  could  restrict  the 
effectiveness  of  AAS  at  this  site.  Clay  or  silt  lenses  of  limited  thickness  and  lateral  extent  were 
identified  through  the  use  of  continuous  split  spoon  sampling  (EA,  1994b).  Lateral 
discontinuous  lenses  of  silty  clay  would  impede  the  vertical  migration  of  injected  air.  This 
impediment  to  vertical  air  flow  may  result  in  an  unequal  stripping  of  VOCs  within  the  aquifer, 
and  would  potentially  lead  to  a  slower  removal  rate  in  some  areas.  The  absence  of  large  clay 
lenses  was  further  verified  from  lithology  descriptions  of  soils  collected  during  the  installation  of 
the  two  AAS  test  wells  (installed  to  a  depth  of  46  ft  bgs)  and  the  sixteen  deep  monitoring  points 
(installed  to  a  depth  of  36  ft  bgs)  that  were  installed  to  support  the  original  pilot  tests. 

The  two  mechanisms  for  the  removal  of  contaminants  by  AAS  are  volatilization  and 
biodegradation  (Hinchee,  1994).  Air  injected  into  the  aquifer  travels  as  a  separate  gas  phase, 
typically  in  flow  channels.  It  appears  doubtful  that  discrete  air  bubbles  would  form  except 
perhaps  in  highly  permeable  gravel  aquifers.  If  bubbles  do  form  and  are  able  to  migrate, 
significant  ground-water/air  interaction  will  occur.  The  bubbles  likely  would  induce  advective 
flow,  resulting  in  substantial  air/water  contact.  If,  however,  bubbles  do  not  form,  as  it  appears 
they  do  not,  air  will  flow  in  flow  channels  and  are  likely  to  have  minimal  interaction  with  water. 
Contaminated  soil  adjacent  to  those  channels  would  be  aerated;  however,  aquifer  material  not 
adjacent  to  these  channels  would  be  much  less  affected.  Assuming  flow  channels  do  form,  the 
interaction  between  the  channels  and  the  surrounding  water  is  important.  If  interaction  between 
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the  air  and  water  occurs,  water  circulation  will  be  induced.  The  mechanism  of  diffusion 
transfers  VOCs  into  the  air  channels  and,  similarly,  oxygen  from  the  air  channels  into  the  ground 
water.  However,  diffusion  alone  is  a  slow  process  which  is  typically  the  limiting  factor  for  mass 
transfer  processes  during  AAS.  Typically  during  air  sparging,  microscale  water  circulations  are 
induced  and,  therefore,  the  system  is  not  diffusion  limited. 
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3.  AAS/SVE  SYSTEM  OPERATION 


3.1  SYSTEM  DESCRIPTION 

This  system  included  two  test  areas  each  containing  an  air  sparging  well  and  a  soil  vapor 
extraction  well.  In  each  test  area,  the  AAS  and  SVE  wells  were  installed  in  separate  boreholes 
approximately  10  ft  from  each  other.  As  part  of  the  interim  remedial  action  at  Site  SS59, 
permanent  hardware  was  installed  and  utilized  in  conjunction  with  the  existing  monitoring  well 
network.  A  shed  with  a  concrete  foundation  was  constructed  for  the  AAS/SVE  equipment  and 
the  associated  electrical  systems  which  were  tied  into  an  existing  167  kVA  transformer  (1<|>, 
240V).  The  AAS/SVE  system  for  both  that  test  areas  is  controlled  from  this  building.  The 
existing  system  was  not  designed  to  remediate  the  site,  rather  initiate  the  removal  of 
contaminants  while  concurrently  studying  the  feasibility  of  this  technology  at  the  site. 

3.1.1  Aquifer  Air  Sparging  System 

The  AAS  system  was  designed  to  provide  properly  filtered  atmospheric  air  to  the  AAS  wells  that 
were  selectively  screened  in  the  saturated  zone  of  the  aquifer.  Atmospheric  air  was  drawn  into 
an  air  pump,  where  it  was  pressurized  and  discharged  into  manifold  piping.  The  air  then 
traveled  in  this  manifold  through  control  and  monitoring  devices  and  into  the  AAS  well. 

The  AAS  system  consists  of  an  air  compressor  (rated  at  17. 1  acfm  at  175  psi)  with  a  refrigerated 
air  dryer,  sampling  ports,  and  the  associated  filters,  piping,  and  valves  (Figures  3.1-1  and  3.1-2). 
Three  Swagelok  sampling  ports  are  available  to  test  the  air  flow  prior  to  injection.  One  or  both 
of  the  AAS  wells  can  be  in  use  at  once. 

Concrete-lined  manholes  were  installed  at  both  of  the  existing  AAS  wellheads.  Each  AAS 
wellhead  also  was  equipped  with  an  air  regulator,  ball  valves,  a  flow  meter,  a  pressure  gauge, 
and  a  tap  intended  for  lie  tracer  study  (Figure  3.1-3). 

A  summary  of  the  equipment  installed  and  the  monitoring  equipment  utilized  is  presented  in 
Table  3.1-1. 

3.1.2  Soil  Vapor  Extraction  System 

The  SVE  system  was  designed  to  create  a  vacuum  at  the  SVE  wells  that  were  selectively 
screened  within  the  vadose  zone.  The  vacuum  draws  soil  vapor  into  the  well,  sends  it  through 
GAC,  and  discharges  it  out  the  emission  stack  of  the  SVE  exhauster. 

The  SVE  system  consists  of  two  skid-mounted  SVE  blowers  (each  rated  at  83  scfm  at  0-in.  H20 
vacuum  and  0  scfm  at  138-in.  H20  vacuum),  moisture  separators  and  filters,  sampling  ports,  two 
vapor  phase  GAC  canisters,  and  the  associated  filters,  valves,  and  piping  (Figure  3.1-4).  The 
GAC  canisters  are  manifolded  such  that  they  can  be  operated  in  either  series  or  parallel 
(Figure  3.1-2).  Concrete-lined  manholes  were  installed  at  both  of  the  existing  SVE  wellheads. 
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TABLE  3,1-1  AAS/SVE  EQUIPMENT  LIST 


wmm 


MODEL  | 


1  Air  Compressor 


Air  Compressor  Auto 
Drain 


Air  Filter 


Oil  Removal  Filter 


Air  Regulator 


Pressure  Gauges 


Flow  Meter 


Sch  40  Steel  Pipe 


Sch  40  Steel  Pipe 


Sch  40  Steel  Ball  Valve 


Sch  40  Steel  Ball  Valve 


Soil  Vapor  Extraction 
System  (SVES) _ 


Air  Flow  Meter 


14  Carbon  Canister 


Sch  80  PVC  Pipe 


Sch  80  PVC  Pipe 


Sch  80  PVC  Ball  Valve 


Sch  80  PVC  Ball  Valve 


Building 


Air-tight  Fire  Wall 


Turbine  Ventilator 


Ventilator  Roof  Jack 


EXP  Electric  Heater 
(SVE)  (Optional) 


Thermostat 


Grainger 


Grainger 


Refrigerated  Air  Dryer  |  Grainger 


Norgren 


Norgren 


Norgren 


Electric  Heater  (AAS)  |  Grainger 


EA  Engineering 


McMaster-Carr 


McMaster-Carr 


McMaster-Carr 


McMaster-Carr 


1752K34 


TABLE  3.1-1  AAS/SVE  EQUIPMENT  LIST  (Continued) 


mm i 


24B 

25 

26 
26A 


27 

28 

29 

30 
31_ 
32^ 

21 

34 


Contactor 


Light  Fixture _ 

EXP  Light  Fixture 

Light  Mount  and  Lens 
Guard 


120  V  Recepticals 
Vacuum  Gauge 
Pressure  Relief  Valve 


Pressure  Gauge 
Temperature  Gauge 
Well  Manholes 


Pressure  Gauges 
Magnehelic  Gauges 


McMaster-Carr 


Grainger 

Grainger 

Grainger 


Grainger 

Rotron 


Rotron 


Rotron 


McMaster-Carr 


Dwyer 


35 

36 

37 


38 

39 


40 

ii 

42 


Water  Level  Indicator 

Portable  FID _ 

Dissolved  Oxygen  Meter 


Field  GC _ 

Combustible  Gas 
Indicator 

Hydrolab 

Q2/CQ2  Meter 

Conductivity  Meter 


Solinist 


Foxboro  FID 


Yellow  Spring 
Instruments  (YSI) 

Varian/HNU 


Industrial  Scientific 


Surveyor 

GasTech 


Yellow  Spring 
Instruments  (YSI) 


MOREL 

1752K16 


2V738 

24740/2V742 


271950 

529612 

271949 

3946K145 


R18E,  R10E, 
W34C* 


101 


OVA  128 


57 


3300 


MX251 


II 


GX4000 


33 


Photovac 


HL2000 


■mMi 


240  V 
120  V 
120  V 


0-160  IWG 
4-15  PSIG 
0-6  PSIG 
0-200  F 
24”  Square 


1 

2 

2 

2 


_4 

4_ 

j_ 

4 


1 

1 

1 


1 

1 


1 

1 


Note:  Some  items  are  indicated  in  Figures  3 . 1  -1  to  3 . 1  -4  (in  a  diamond  outline)  by  the 
appropriate  Item  No.  (first  table  column). 

*-  Magnehelic  Ranges  R18E  (0  to  0.25")  W43C  (0  to  2.0")  W43C  (0  to  10.0") 

R10E  (0  to  0.5")  W43C  (0  to  5.0")  W43C  (0  to  25.0") 
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The  SVE  wellheads  also  were  equipped  with  valves  and  vacuum  gauges  (Figure  3.1-3).  A 
summary  of  the  associated  equipment  is  presented  in  Table  3.1-1. 

During  occasional  past  operations  of  the  AAS/SVE  system,  ground  water  was  drawn  into  the 
SVE  well  in  Test  Area  1.  Consequently,  in  order  to  increase  the  SVE  flow  rate  and  the  system 
efficiency,  the  SVE-1  well  was  replaced  with  an  8-ft  horizontal  vent  trench  set  at  4.5  ft  bgs 
(Figure  3.1-5).  The  2-in.  PVC,  slotted,  horizontal  well  was  installed  in  14-in.  rounded  pea  gravel 
(6-in.  cover).  The  trench  was  then  covered  with  a  layer  of  24-mil  plastic  and  backfilled  with 
native  soil. 

3.1.3  Monitoring  Well  Network 

The  existing  monitoring  well  network,  which  was  installed  for  the  initial  AAS/SVE  Treatability 
Study  (EA,  1994b),  was  also  used  during  the  extended  pilot  study.  The  existing  network 
consisted  of  a  series  of  24  monitoring  points  in  each  test  area  along  two  straight  lines  radially 
outward  from  the  test  wells  (Figure  3. 1-6).  The  lines  were  oriented  at  right  angles  to  each  other 
and  aligned  so  that  one  was  approximately  parallel  to  ground-water  flow  direction  and  the  other 
perpendicular.  The  SVE  wells  were  situated  on  the  bisectors,  outside  of  the  area  bounded  by  the 
monitoring  lines.  On  each  line  the  monitoring  locations  were  spaced  at  approximately  10  ft,  25 
ft,  45  ft,  and  75  ft  from  the  test  wells.  The  spacing  was  slightly  modified  in  Test  Area  2  due  to 
utility  locations.  Each  monitoring  location  consisted  of  three  points;  a  deep  monitoring  well 
screened  near  the  bottom  of  the  aquifer,  a  shallow  monitoring  well  screened  across  the  water 
table,  and  a  vadose  monitoring  point  screened  in  the  unsaturated  zone  above  the  screened  portion 
of  the  shallow  monitoring  well  exposed  to  the  vadose  zone  (Figure  3.1-7).  Additional  - 
upgradient  and  downgradient  monitoring  wells  are  present  at  Site  SS59  as  part  of  a  long-term, 
post-closure,  monitoring  program. 

The  monitoring  wells  were  designated  "MW"  and  qualified  by  depth  (D  =  deep,  S  =  shallow,  and 
V  =  vadose),  distance  from  the  test  wells,  test  area  number,  and  their  position  with  regard  to 
ground-water  flow  direction.  For  example,  "DMW45-1P"  is  the  deep  monitoring  well  located 
approximately  45  ft  from  the  test  wells  in  Test  Area  1  on  the  line  of  monitoring  wells  oriented 
approximately  perpendicular  to  ground-water  flow.  The  corresponding  monitoring  point  on  the 
line  approximately  parallel  to  ground- water  flow  is  numbered  "DMW45-1".  Well  screen 
intervals  were  between  3  to  8  ft,  7  to  17  ft,  3 1  to  36  ft,  and  36  to  41  ft  for  the  vadose,  shallow, 
deep,  and  AAS  wells,  respectively. 

Twelve  direct-push  probes  (“Geoprobes”)  were  also  installed  throughout  Site  SS59  in  order  to 
provide  a  verification  of  the  data  obtained  from  the  monitoring  well  samples.  The  locations  of 
the  geoprobes  are  depicted  in  Figure  3.1-6.  The  distances  of  the  direct  push  locations  from  the 
sparge  wells  are  summarized  in  Table  3.1-2.  During  the  first  sampling  event,  twelve  shallow, 
direct-push  probes  were  installed  to  a  depth  of  15  ft  bgs  and  three  deep  geoprobes  were  installed 
to  a  depth  of  40  ft  bgs.  During  the  final  sampling  event,  five  shallow,  direct  push  probes  were 
installed  to  a  depth  of  20  ft  bgs  (DP-3,  DP-6,  DP-7,  DP- 10,  and  DP- 12)  and  five  deep  geoprobes 
were  installed  to  a  depth  of  40  ft  bgs  (DP-4,  DP-5,  DP-8,  DP-9,  and  DP-1 1).  The  depths  of  the 
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TABLE  3.1-2  SUMMARY  OF  DISTANCES  BETWEEN  DIRECT  PUSH  LOCATIONS 
AND  SPARGE  WELLS 


Direct  Push  Probe  Location 

Distance  from  AAS-1  (ft) 

DP-7 

53 

DP-8 

44 

DP-9 

75 

DP-10 

47 

DP-11 

12 

DP-12 

24 

111  Direct  Push  Peobe  Location  1111 

Distance  front  AAS-2  (ft) 

DP-1 

15 

DP-2 

20 

DP-3 

46 

DP-4 

15 

DP-5 

15 

DP-6 

102 

DP-7 

130 

DP-8 

88 

DP-9 

76 
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probes  were  chosen  in  order  to  confirm  data  trends  observed  in  the  adjacent  monitoring 
locations. 

3.2  TEST  PROCEDURES  AND  MONITORING 

3.2.1  AAS/SVE  Testing  Procedures 

The  primary  intent  of  the  extended  pilot  study  for  the  combined  AAS/SVE  system  in  Test  Areas 
1  and  2  was  to  add  to  the  information  collected  during  the  initial  Treatability  Study  (EA,  1994b) 
regarding  system  performance,  ROI,  and  degree  of  site  remediation  (ground-water  V OC 
concentrations).  Monitoring  during  the  combined  AAS/SVE  test  included  SVE  flow  rate  and 
vacuum  pressures,  differential  pressures  at  the  monitoring  points,  offgas  and  soil  gas 
concentrations  of  VOCs,  and  AAS  injection  rate  and  pressures.  These  data  were  collected 
between  June  1994  and  January  1995  as  part  of  theIR  Program  activities  at  site  SS59. 

3.2.2  Sampling  Program 

In  order  to  assess  the  degree  of  remediation,  ground-water  samples  were  collected  from  each  of 
the  shallow  and  deep  monitoring  wells  in  Test  Areas  1  and  2.  This  sampling  was  performed 
during  three  separate  events:  once  at  the  commencement  of  the  study  (June  1994),  mid-way 
through  the  study  (October  1994),  and  at  the  end  of  the  study  (January  1995).  Samples  were 
analyzed  for  the  primary  COCs  (1,1-DCE,  methylene  chloride,  trans-l,2-DCE,  cis-l,2-DCE, 
chloroform,  TCA,  carbon  tetrachloride,  TCE,  PCE,  and  BTEX  including  the  o-,m-,and  p-xylene 
isomers).  The  procedures  used  for  the  purging  and  sampling  of  the  monitoring  wells  are 
presented  in  Sections  3.2.2. 1  and  3. 2.2.2,  respectively. 

Ground-water  samples  were  collected  from  geoprobes  during  the  first  and  final  sampling  events 
of  the  extended  pilot  study.  These  were  installed  and  sampled  one  at  a  time  due  to  equipment 
limitations.  In  order  to  preserve  the  geoprobe  locations,  it  was  attempted  to  install  PVC  pipes 
into  the  geoprobe  holes.  However,  it  turned  that  this  was  not  feasible  since  water  could  not  be 
drawn  from  these  boreholes  due  to  clogging  from  silt. 

In  order  to  assess  the  efficiency  (or  rate  of  remediation)  of  the  system,  offgas  samples  were 
collected  into  Tedlar  bags  from  the  SVE  system  prior  to  GAC  filtration.  This  sampling  was 
performed  over  fourteen  separate  sampling  events  during  the  study.  Samples  were  analyzed  for 
the  primary  COCs  listed  above.  Analyses  were  performed  by  an  environmental  chemist  with  an 
onsite  Gas  Chromatograph  (GC). 

System  operational  parameters  such  as  injection  pressure  and  flow  rate,  vacuum  pressure  and 
flow  rate,  and  differential  pressures  were  monitored  during  each  of  the  aforementioned  sampling 
events  and  periodically  by  DAFB  personnel  throughout  the  duration  of  the  study.  Flow  rates 
and  pressures  were  monitored  using  in-line  gauges  located  either  at  the  wellhead  or  on  the 
compressor/blowers.  Differential  pressures  were  measured  using  magnehelic  gauges. 
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Water  levels  were  monitored  during  the  three  ground-water  sampling  events  and  periodically 
throughout  the  six  month  study  period.  The  well  cap  was  removed  and  a  headspace  reading  was 
taken  with  an  HNu  meter.  Data  was  recorded  on  the  sampling  sheet  for  that  well.  After 
determination  of  the  water  level,  the  probe  was  lowered  to  the  bottom  of  the  well  to  measure  the 
total  depth.  This  was  performed  during  each  of  the  three  sampling  events.  The  interface  probe 
was  decontaminated  between  uses  by  means  of  an  isopropyl  alcohol  rinse  followed  by  a 
deionized  water  rinse. 

3.2.2.1  Well  Purging  Procedures 

Purging  of  the  monitoring  wells  was  necessary  to  remove  ground  water  in  the  well  casing  which 
had  been  isolated  for  an  extended  period  of  time  and  was,  therefore,  no  longer  representative  of 
the  aquifer.  The  volume  of  water  which  was  removed  was  calculated  by  adding  the  volume  of 
water  in  the  well  casing  to  the  volume  of  water  in  the  filter  pack  surrounding  the  well.  This 
volume  of  water  was  referred  to  as  one  well  volume.  For  purposes  of  calculation  for  one  well 
volume,  a  8-in.  diameter  borehole  and  a  30  percent  porosity  of  the  filter  pack  was  used. 

A  laboratory-cleaned  Teflon  bailer  and  a  2-in.  submersible  pump  were  used  to  purge  the 
monitoring  wells  prior  to  sampling  (shallow  and  deep  wells,  respectively).  The  wells  were 
bailed  or  pumped  at  a  rate  that  did  not  cause  ground  water  to  vigorously  cascade  down  the  sides 
of  the  screen  (thereby  potentially  causing  accelerated  loss  of  VOCs).  Three  purge  volumes  of 
water  were  removed.  Temperature,  pH,  and  conductivity  parameters  were  measured  from  the 
purge  water.  If  a  low  yielding  well  dewatered  before  evacuation  of  the  required  volume,  the 
well  was  allowed  30  minutes  to  recover  before  the  bailing  or  pumping  was  resumed.  If  the  well 
went  dry  again,  bailing  or  pumping  ceased,  and  the  volume  purged  was  recorded. 

Ground-water  sampling  occurred  within  24  hours  of  purging  or  as  soon  as  a  sufficient  quantity 
of  water  was  available.  All  non-dedicated  field  equipment  which  was  used  during  purging  was 
decontaminated  by  steam  cleaning  before  the  next  monitoring  well  was  purged.  Dedicated 
bailers  were  used  for  sample  collection  in  each  well.  New  protective  sample  gloves  were  worn 
for  each  well  which  was  sampled. 

Data  collected  during  ground-water  sampling  activities  was  recorded  on  standard  field  record 
sheets.  A  separate  data  sheet  was  completed  for  each  sampling  location. 

3.2.2.2  Ground-Water  Sampling  Procedures 

The  following  procedure  was  used  to  sample  a  purged  well.  The  sampler  donned  clean 
protective  gloves  and  attached  new  string,  which  was  made  of  an  inert  material  (polyethylene), 
to  the  leader  of  the  dedicated  Teflon  bailer.  The  bailer  was  lowered  into  the  well  and  one  aliquot 
of  water  was  removed  and  discarded.  A  second  bailer  of  water  was  removed  and  this  water  was 
also  discarded.  Samples  were  collected  into  laboratory-cleaned,  40-mL  VOA  vials. 

VOC  sampling  required  special  care  not  to  agitate  the  sample  and  promote  degassing.  In 
addition,  no  headspace  was  present  in  the  sample  container  after  it  was  filled.  VOC  samples 
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were  collected  from  the  bailer  using  a  slow,  controlled  pour  down  the  inside  of  a  tilted  VO  A 
container  to  minimize  agitation.  Containers  with  trapped  air  were  refilled  until  no  air  bubbles 
were  present  in  the  sample.  VOA  vials  contained  preservative  from  the  laboratory. 

Collected  samples  were  placed  in  a  cooler  with  bagged  ice  to  maintain  a  temperature  of  less  than 
4°C,  and  a  chain-of-custody  form  was  filled  out  detailing  the  analyses  to  be  performed.  Samples 
were  analyzed  within  48  hours  of  collection  (samples  were  analyzed  as  soon  as  possible  but  the 
time  of  analysis  depended  upon  the  number  of  samples  which  were  collected). 

3.2.3  Chronology  of  Test  Activities 

A  chronological  summary  of  the  pilot  study  activities  is  presented  in  Table  3.2-1. 

3.3  DISPOSITION  OF  DERIVED  WASTES 

Wastes  were  generated  over  the  duration  of  the  extended  AAS/SVE  pilot  study.  The  current 
disposition  of  these  wastes  is  discussed  in  Section  3.3.1  (Ground  Water)  and  3.3.2  (Granular 
Activated  Carbon). 

3.3.1  Ground  Water 

Ground  water  was  generated  during  the  purging  prior  to  ground-water  sampling  of  the 
monitoring  points.  During  the  sampling  events  purge  waters  were  disposed  into  the  DAFB 
wastewater  sewerage  system.  Wastewater  collected  in  the  DAFB  system  is  sent  to  the  Kent 
County  POTW.  One  55-gallon  drum  of  condensate  was  generated  from  the  pilot  system.  This 
was  disposed  to  the  wastewater  system  via  the  washrack.  Significant  quantities  of  condensate 
were  not  generated  following  the  installation  of  the  horizontal  vent  trench. 

3.3.2  Granular  Activated  Carbon  (GAC) 

In  order  to  reduce  the  amount  of  contaminants  discharged  to  the  atmosphere,  two  vapor-phase 
GAC  canisters  were  used  (in  series)  to  treat  the  offgas  from  the  SVE  system.  Discharge  from 
the  GAC  canisters  met  DNREC  emissions  criteria  over  the  duration  of  the  pilot  study  (Section 
3.4.2).  No  change-out  of  the  GAC  canisters  was  necessary  during  the  pilot  study.  During  the 
final  sampling  event,  gas  samples  collected  from  between  the  two  canisters  indicated  that 
breakthrough  had  not  occurred  from  the  first  canister.  Canisters  will  be  shipped  offsite  for 
regeneration  or  disposal  following  breakthrough. 

3.4  PERMITTING 

As  an  NPL  site,  remedial  activities  were  exempt  from  the  administrative  requirements  of  most 
permits.  However,  the  substantive  requirements  of  the  appropriate  permits  were  followed. 
Drilling  permits  are  required  for  NPL  and  other  sites. 
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TABLE  3.2-1  CHRONOLOGY  OF  FIELD  ACTIVITIES 


31  May  1994 

Began  the  Extended  AAS/SVE  Pilot  Study  at  Site  SS59. 

3 1  May  to  2  June 
1994 

Performed  the  initial  sampling  event.  Conducted  well  purging  and 
ground-water/soil  gas  sample  collection  and  analysis.  Ground-water 
DO  concentrations  were  measured. 

10  June  1994 

Commenced  operation  of  the  AAS/SVE  system  in  Test  Areas  1  and  2. 

12  to  29  June  1994 

DAFB  personnel  monitored  system  operational  parameters  and 
differential  pressures  at  the  individual  monitoring  wells. 

16  June  1994 

Water  levels,  DO  concentrations,  and  monitoring  well  headspace 
concentrations  were  measured.  Offgas  samples  were  collected  and 
analyzed.  Recorded  system  operational  parameters. 

28  June  1994 

Water  levels,  DO  concentrations,  and  monitoring  well  headspace 
concentrations  were  measured.  Offgas  samples  were  collected  and 
analyzed.  Recorded  system  operational  parameters. 

1  and  7  July  1994 

DAFB  personnel  monitored  system  operational  parameters  and 
differential  pressures  at  the  individual  monitoring  wells. 

8  July  1994 

Water  levels,  DO  concentrations,  and  monitoring  well  headspace 
concentrations  were  measured.  Offgas  samples  were  collected  and 
analyzed. 

1 1  to  12  July  1994 

DAFB  personnel  monitored  system  operational  parameters  and 
differential  pressures  at  the  individual  monitoring  wells. 

15  July  1994 

Changed  AAS/SVE  system  operation  from  the  temporary  trailers  to  the 
permanent  hardware  installed  in  the  equipment  shed. 

27  to  29  July  1994 

AAS/SVE  system  was  shut  down  for  repair.  (Damage  to  the  SVE  vent 
lines  (melted  PVC)  occurred  on  27  July.  The  lines  were  replaced  with 
a  4"  hose  and  the  system  was  reactivated  on  29  July.) 

4  August  1 994 

Water  levels,  DO  concentrations,  and  monitoring  well  headspace 
concentrations  were  measured.  Offgas  samples  were  collected  and 
analyzed.  Only  the  SVE  system  (SVE-1  and  SVE-2)  was  in  operation 
due  to  an  air  compressor  malfunction  identified  on  3  August  1994. 
Recorded  system  operational  parameters. 
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TABLE  3.2-1  CHRONOLOGY  OF  FIELD  ACTIVITIES  (Continued) 


mSmimiM 

— 

EVENT  .  MNHNMNH  | 

8  August  1994 

Corrected  the  air  compressor  problem  and  recommenced  sparging  in 

Test  Areas  1  and  2.  (The  compressor  was  overheating  and  shutting 
down.  A  thermostat  and  an  exhaust  fan  was  installed  to  correct  the 
problem  by  lowering  the  temperature  in  the  equipment  shed.) 

8,  12,  and  16 
August  1994 

DAFB  personnel  monitored  system  operational  parameters  and 
differential  pressures  at  the  individual  monitoring  wells. 

18  August  1994 

Water  levels,  DO  concentrations,  and  monitoring  well  headspace 
concentrations  were  measured.  Offgas  samples  were  collected  and 
analyzed.  Recorded  system  operational  parameters. 

1  September  1994 

Water  levels,  DO  concentrations,  and  monitoring  well  headspace 
concentrations  were  measured.  Offgas  samples  were  collected  and 
analyzed.  Recorded  system  operational  parameters. 

15  September  1994 

Installed  a  horizontal  vent  trench  at  the  SVE-1  wellhead  (not  yet 
hooked  up  to  the  SVE  blower).  The  AAS/SVE  system  was  shut  down 
for  5  hours  during  this  installation. 

22  September  1994 

Water  levels,  DO  concentrations,  and  monitoring  well  headspace 
concentrations  were  measured.  Offgas  samples  were  collected  and 
analyzed.  Recorded  system  operational  parameters. 

27  September  1994 

DAFB  personnel  monitored  system  operational  parameters  and 
differential  pressures  at  the  individual  monitoring  wells. 

5  and  7  October 
1994 

DAFB  personnel  monitored  system  operational  parameters  and 
differential  pressures  at  the  individual  monitoring  wells. 

7  October  1994 

Offgas  samples  were  collected  and  analyzed.  Shut  off  the  AAS/SVE 
system  for  the  mid-term  ground-water  sampling  event. 

10  October  1994 

The  SVE-1  piping  system  was  connected  to  the  horizontal  extraction 
well. 

10  to  13  October 
1994 

Well  purging  and  ground-water/soil  gas  sample  collection/analysis. 

13  October  1994 

An  offgas  sample  was  collected  one  hour  after  the  AAS/SVE  system 
had  been  reactivated  (after  the  ground-water  sampling  had  been 
completed).  DO  concentrations  were  measured.  Recorded  system 
operational  parameters. 
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TABLE  3.2-1  CHRONOLOGY  OF  FIELD  ACTIVITIES  (Continued) 


:i|lp;DATE  iJi . 

14,  18,  20,  and  25 
October  1994 

DAFB  personnel  monitored  system  operational  parameters  and 
differential  pressures  at  the  individual  monitoring  wells. 

27  October  1994 

Water  levels  and  DO  concentrations  were  measured.  Offgas  samples 
were  collected  and  analyzed.  Recorded  system  operational  parameters. 

8  and  14  November 
1994 

DAFB  personnel  monitored  system  operational  parameters  and 
differential  pressures  at  the  individual  monitoring  wells. 

14  November  1994 

Offgas  samples  were  collected  and  analyzed.  Recorded  system 
operational  parameters. 

1  to  14  December 
1994 

AAS/SVE  system  shut-down  due  to  air  compressor  repairs.  On  1 
December,  it  was  discovered  that  the  air  compressor  had  broken  down. 
On  6  December,  a  compressor  serviceman  examined  the  compressor 
and  was  unable  to  repair  the  problem  that  day.  On  14  December,  EA 
personnel  with  an  electrical  subcontractor  installed  a  new  motor.  The 
AAS/SVE  system  was  not  reactivated  in  preparation  for  the  tracer  gas 
study. 

19  to  21  December 
1994 

Performed  the  tracer  gas  study.  Only  AAS-1  was  in  operation  during 
this  study. 

21  December  1994 

Reactivated  the  AAS/SVE  system  except  for  AAS-2  which  was  shut 
off  for  the  remainder  of  the  pilot  study  in  order  to  increase  the 
injection  flow  rate  into  AAS-1 .  SVE-1  and  SVE-2  remained  in 
operation.  VOC  concentrations  could  not  be  quantified  in  an  offgas 
sample  which  was  collected  due  to  residual  SF6  within  the  aquifer. 

6  January  1995 

Water  levels,  DO  concentrations,  and  monitoring  well  headspace 
concentrations  were  measured. 

6  to  9  January  1995 

The  AAS  system  was  shut  down  for  the  replacement  of  a  frozen  sparge 
line. 

9  January  1995 

Offgas  samples  were  collected  and  analyzed  after  the  system  had  been 
in  operation  for  one  hour. 

13  January  1995 

DAFB  personnel  monitored  system  operational  parameters  and 
differential  pressures  at  the  individual  monitoring  wells. 

16  January  1995 

Water  level  and  DO  concentrations  were  measured. 

23  January  1995 

Offgas  samples  were  collected  and  analyzed. 
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TABLE  3.2-1  CHRONOLOGY  OF  FIELD  ACTIVITIES  (Continued) 


:V  -  ,  EV&Wf 

23  to  25  January 
1995 

Shut  down  AAS/S  VE  system  for  final  ground-water  and  soil  gas 
sampling  event.  Well  purging  and  ground-water  sample 
collection/  analysis . 

25  January  1995 

Reactivated  AAS/S  VE  system  for  1-hour  and  collected/analyzed  final 
offgas  samples.  Ended  the  Extended  AAS/SVE  Pilot  Study.  Left 
AAS/SVE  system  in  operation  in  both  Test  Areas  (including  AAS-2). 
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3.4.1  Test  Wells  and  Monitoring  Points  Installation  Permits 

The  extended  pilot  test  required  the  installation  of  12  geoprobes  (temporary)  and  one  horizontal 
vent  trench  (permanent).  The  geoprobes  were  installed  to  a  depth  such  that  they  penetrated  the 
saturated  zone  and,  therefore,  required  monitoring  well  permits  from  DNREC.  These  permits 
were  secured  prior  to  any  installations.  The  horizontal  vent  trench  was  not  installed  within  the 
saturated  zone  of  the  aquifer  and,  therefore,  did  not  require  a  permit. 

3.4.2  SVE  Pilot  Test  Offgas  Emissions  Permit 

DNREC  requires  that  air  pollution  abatement  systems  be  used  if  SVE  offgas  VOC  emissions 
exceed  0.1  lb/hr  (2.4  lb/day).  Pilot  tests  are  normally  granted  a  5-day  exemption  period.  Some 
of  the  contaminants  present  at  this  site  are  considered  to  be  Hazardous  Air  Pollutants  (HAP)  by 
DNREC.  DNREC  is  currently  preparing  to  distribute  its  final  promulgation  of  its  VOC  air 
emission  regulations.  Offgases  were  treated  with  vapor  phase  GAC  prior  to  ventilation  to  the 
atmosphere.  Monitoring  of  the  offgas  from  the  SVE  system  during  the  pilot  study  confirmed 
that  the  emission  rate  of  VOCs  met  the  DNREC  criterion. 

3.4.3  Underground  Injection  Control  Permits 

DNREC  does  not  consider  the  introduction  of  atmospheric  air  into  the  saturated  zone  during  the 
AAS  pilot  test  to  be  an  injection  process  which  requires  an  Underground  Injection  Control  (UIC) 
permit.  Hence,  no  UIC  permits  were  required  for  the  pilot  test. 
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4.  ANALYTICAL  RESULTS 


4.1  COMPOUNDS  OF  CONCERN 

The  compounds  detected  in  previous  investigations  in  soil  and/or  ground  water  at  Site  SS59  are 
listed  in  Table  4. 1-1  and  4.1-2.  Given  that  many  of  these  compounds  are  difficult  or  impossible 
to  be  detected  by  gas  chromatography,  a  selected  group  were  chosen  to  be  "representative"  of 
what  is  present  at  the  site.  The  analytes  chosen  for  soil  gas  and  offgas  analysis  included  1,1,1- 
trichloroethane  (TCA),  cis-l,2-dichloroethene  (c-DCE),  trans-l,2-dichloroethene  (t-DCE), 
methylene  chloride,  carbon  tetrachloride,  tetrachloroethene  (PCE),  trichloroethane  (TCE)  (in  this 
report,  these  are  collectively  referred  to  as  "ECD  VOCs"  since  they  are  identified  using  an 
Electron  Capture  Detector),  and  the  hydrocarbon  compounds  benzene,  toluene,  ethylbenzene, 
and  xylene  (BTEX)  (in  this  report,  these  are  collectively  referred  to  as  “FID  VOCs”  since  they 
are  identified  using  a  Flame  Ionization  Detector).  The  analysis  of  xylene  included  the  o-,  m-, 
and  p-xylene  isomers.  Ground-water  samples  included  an  analysis  for  1,1-dichloroethene  (DCE) 
and  chloroform  (also  ECD  VOCs). 

4.2  SOIL  GAS 
4.2.1  Methodology 

Soil  gas  samples  were  collected  at  each  shallow  and  vadose  monitoring  point.  Soil  vapor 
samples  were  analyzed  for  the  VOCs  described  in  Section  4.1.  Samples  were  collected  through 
Teflon-lined  sampling  ports  into  Tedlar  bags  for  subsequent  VOC  analysis  with  an  onsite  GC. 

Soil  vapor  samples  typically  contain  several  compounds.  When  a  sample  was  injected  into  the 
GC,  these  compounds  were  first  separated  by  the  appropriate  analytical  column.  As  the 
separated  compounds  eluted  from  the  GC  column,  they  entered  the  chosen  detector(s)  where 
they  became  ionized.  The  resulting  ions  attached  to  an  electrode  which  increased  the  signal 
current.  The  signal  was  then  amplified,  integrated,  and  reported  as  a  chromatographic  peak. 

An  FID  is  used  for  the  detection  of  organics  and  responds  specifically  to  compounds  which  will 
yield  a  carbon  skeleton  which  can  be  oxidized  when  introduced  into  an  air/hydrogen  flame. 
Therefore,  it  is  sensitive  to  all  organic  compounds  except  formaldehyde  and  formic  acid.  The 
ECD  is  used  for  the  detection  of  chlorinated  organic  compounds  and  is  both  sensitive  and 
selective  to  halogenated  compounds. 

The  GC  system  was  calibrated  by  injecting  a  known  amount  of  vapor  standard  into  the  GC 
column.  One  set  of  standards  contained  a  mixture  of  hydrocarbons,  which  was  used  to  calibrate 
the  FID,  while  the  other  set  contained  a  mixture  of  chlorinated  organics,  which  was  used  to 
calibrate  the  ECD.  Compound  retention  time  and  response  data  were  stored  in  the  data  system, 
and  subsequently  used  to  identify  and  quantify  the  selected  compounds  in  the  samples. 
Essentially,  each  analyte  has  a  known  retention  time  and  a  known  GC  response  to  a  calibrating 
concentration;  therefore,  the  corresponding  chromatogram  peak  for  a  sample  run  can  be 
identified  by  retention  time  and  quantified  by  comparison  to  the  calibration  response. 
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TABLE  4.1-1  SUMMARY  OF  CHEMICALS  DETECTED  IN  SHALLOW  GROUND 
WATER  AT  SITE  SS59,  DOVER  AFB 


Contaminant 

Range  Detected 
at  Site  fi/g/D 

NPDWR(a)  (up/) L 

No.  of  Samples 
above  NPDWR® 

VOLATILES 

1,1, 1-Trichloroethane 

ND-42,000 

200 

42 

1 , 1-Dichloroethane 

ND-1,100 

NA® 

_ (C) 

1 , 1  -Dichloroethene 

ND-6,800 

7 

57 

1 ,2-Dichloroethane 

ND-340 

5 

29 

1,2-Dichloroethene  (total) 

ND-32,000 

(f) 

34 

Methyl  Ethyl  Ketone(d) 

ND-970 

NA 

— 

4-Methyl-2-Pentanone 

ND-100 

NA 

— 

Acetone 

ND-2,400 

NA 

— 

Benzene 

ND-170 

5 

11 

Carbon  Disulfide 

ND-43 

NA 

— 

Carbon  Tetrachloride 

ND-7,600 

5 

3 

Chloroethane 

ND-9 

NA 

— 

Methylene  Chloride 

ND-5,200 

5 

35 

Tetrachloroethene 

ND-820 

5 

27 

Trichloroethane 

ND-14,000 

5 

64 

Vinyl  Chloride 

ND-300 

2 

24 

Chloroform 

ND-2 

(e) 

— 

Bromodichloromethane 

ND-5 

(e) 

_ 

(a)  Per  National  Primary  Drinking  Water  Regulations  (NPDWR)  under  the  Safe  Drinking  Water  Act.  NPDWR 
values  are  used  as  a  point  of  reference;  90%  removal  of  the  contaminants  of  concern  is  the  ARAR. 

(b)  NA  =  Not  Available. 

(c)  —  =  Not  Applicable. 

(d)  Also  known  as  2-Butanone. 

(e)  NPDWR  for  Total  Trihalomethanes  is  100  ug/L 

(f)  Based  upon  individual  NPDWRs  for  cis-l,2-Dichloroethene  (70  ug/L)  and  trans-l,2-Dichloroethene  (100  ug/L) 

(g)  All  pesticide  data  except  Lindane  is  from  1993  analyses  of  ground- water  samples. 

(h)  These  chemicals  are  secondary  contaminants  that  do  not  adversely  impact  public  health. 

ND:  Not  Detected 

Source:  Dames  &  Moore,  Quarterly  Ground-Water  Monitoring  Data  Reports  (March  1990,  April  1991,  November 
1991,  March  1992,  1  September  1992,  and  11  September  1992),  and  additional  EA  data  through  11/93. 


TABLE  4.1-1  SUMMARY  OF  CHEMICALS  DETECTED  IN 
SHALLOW  GROUND  WATER  AT  SITE  SS-59,  DOVER  AFB  (Cont.) 


Range  Detected 

No.  of  Samples 

Contaminant 

at  Site  (ud D 

NPDWR®  (ue/lL 

above  NPDWR( 

1 , 1 ,2-Trichloroethane 

ND-4 

5 

0 

Toluene 

ND-28 

1000 

0 

Chlorobenzene 

ND-86 

100 

0 

Ethylbenzene 

ND-15 

700 

0 

Xylenes  (total) 

ND-37 

10,000 

0 

SEMIVOLATILES 

Phenol 

ND-440 

NA 

PESTICIDES® 

Lindane 

0.290-88 

0.2 

8 

alpha-BHC 

0.600-2.300 

NA 

— 

beta-BHC 

0.170-0.320 

NA 

— 

delta-BHC 

1.100-2.800 

NA 

— 

Aldrin 

ND-0.017 

NA 

— 

Heptachlor  Epoxide 

0.016-0.086 

0.2 

0 

Endosulfan  I 

ND-0.023 

NA 

— 

Endosulfan  II 

0.008-0.028 

NA 

— 

4.4'-DDD 

0.013-0.069 

NA 

— 

(a)  Per  National  Primary  Drinking  Water  Regulations  (NPDWR)  under  the  Safe  Drinking  Water  Act.  NPDWR 
values  are  used  as  a  point  of  reference;  90%  removal  of  the  contaminants  of  concern  is  the  ARAR. 

(b)  NA  =  Not  Available. 

(c)  —  =  Not  Applicable. 

(d)  Also  known  as  2-Butanone. 

(e)  NPDWR  for  Total  Trihalomethanes  is  100  ug/L  _ 

(f)  Based  upon  individual  NPDWRs  for  cis-1 ,2-Dichloroethene  (70  ug/L)  and  trans-1 ,2-Dichloroethene  (100  ug/L) 

(g)  All  pesticide  data  except  Lindane  is  from  1993  analyses  of  ground-water  samples. 

(h)  These  chemicals  are  secondary  contaminants  that  do  not  adversely  impact  public  health. 

ND:  Not  Detected 

Source:  Dames  &  Moore,  Quarterly  Ground-Water  Monitoring  Data  Reports  (March  1990,  April  1991,  November 
1991,  March  1992,  1  September  1992,  and  11  September  1992),  and  additional  EA  data  through  11/93. 


TABLE  4.1-1  SUMMARY  OF  CHEMICALS  DETECTED  IN 
SHALLOW  GROUND  WATER  AT  SITE  SS-59,  DOVER  AFB  (Cont.) 


Contaminant 

Range  Detected 
at_Site.(//g/L) 

NPDWR®  (u? AL 

No.  of  Samples 
above  NPDWR® 

Endosulfan  Sulfate 

ND-0.031 

NA 

— 

4'4'-DDT 

ND-0.018 

NA 

— 

METALS  -  TOTAL 

Aluminum® 

73.5-117,000 

— 

— 

Iron® 

47.3—166,000 

— 

— 

Lead 

3.5—92 

15 

11 

Manganese® 

21—2,120 

— 

— 

Sodium® 

5,060—39,700 

— 

— 

METALS  -  DISSOLVED 

Maximum  Cone. 

Mean  Cone. 

No.  of  Detections 

Iron® 

29300 

3758 

31 

Magnesium 

21900 

6233 

83 

Manganese® 

4760 

233 

83 

(a)  Per  National  Primary  Drinking  Water  Regulations  (NPDWR)  under  the  Safe  Drinking  Water  Act.  NPDWR 
values  are  used  as  a  point  of  reference;  90%  removal  of  the  contaminants  of  concern  is  the  ARAR. 

(b)  NA  =  Not  Available. 

(c)  —  =  Not  Applicable. 

(d)  Also  known  as  2-Butanone. 

(e)  NPDWR  for  Total  Trihalomethanes  is  100  ug/L 

(f)  Based  upon  individual  NPDWRs  for  cis-1 ,2-Dichloroethene  (70  ug/L)  and  trans-1 ,2-Dichloroethene  (100  ug/L) 

(g)  All  pesticide  data  except  Lindane  is  from  1993  analyses  of  ground-water  samples. 

(h)  These  chemicals  are  secondary  contaminants  that  do  not  adversely  impact  public  health. 

ND:  Not  Detected 

Source:  Dames  &  Moore,  Quarterly  Ground-Water  Monitoring  Data  Reports  (March  1990,  April  1991,  November 
1991,  March  1992,  1  September  1992,  and  11  September  1992),  and  additional  EA  data  through  11/93. 


IN  DEEP  GROUND  WATER  AT  SITE  SS59, 


TABLE  4.1-2  SUMMARY  OF  CHEMICALS  DETECTED 
DOVER  AFB 


Range  Detected 

NPDWR(a) (b) (c) 

No.  of  Samples 

Contaminant 

at  Site  (we/ LI 

(/ttg/L) 

above  NPDWR( 

VOLATILES 

1,1, 1-Trichloroethane 

ND-3,700 

200 

39 

1,1-Dichloroethane 

ND-380 

NA® 

1,1-Dichloroethene 

ND-2,100 

7 

49 

1,2-Dichloroethane 

ND-110 

5 

21 

1,2-Dichloroethene  (total) 

ND-2,400 

(g) 

41 

Methyl  Ethyl  Ketone(d) (e) (f) (g) (h) 

ND-53 

NA 

— 

Acetone 

ND-4,700 

NA 

— 

Benzene 

ND-11 

5 

2 

Carbon  Disulfide 

ND-320 

NA 

— 

Carbon  Tetrachloride 

ND-390 

5 

5 

Methylene  Chloride 

ND-250 

5 

41 

Tetrachloroethene 

ND-940 

5 

56 

Trichlorethene 

ND-7,200 

5 

51 

Vinyl  Chloride 

ND-240 

2 

(0 

17 

Chloroform 

ND-37 

— 

Toluene 

ND-6 

1,000 

<0 

0 

Bromodichloromethane 

ND-4 

- - 

Chloroethane 

ND-17 

NA 

— 

4  Methyl-2-Pentanone 

ND-6 

NA 

— 

(a)  Per  National  Primary  Drinking  Water  Regulation  (NPDWR)  under  the  Safe  Drinking  Water  Act.  NPDWR  values 
are  used  as  a  point  of  reference;  90%  removal  of  the  contaminants  of  concern  is  the  ARAR. 

(b)  NA  =  Not  Available. 

(c)  —  =  Not  Applicable. 

(d)  Also  known  as  2-Butanone. 

(e)  Results  are  for  total  metals. 

(f)  NPDWR  for  Total  Trihalomethanes  is  100  ug/L 

(g)  Based  upon  individual  NPDWRs  for  cis-l,2-Dichloroethene  (70  ug/L)  and  trans-l,2-Dichloroethene  (100  ug/L) 

(h)  All  pesticide  data  except  Lindane  is  from  1 993  analyses  of  ground-water  samples. 

(I)  These  chemicals  are  secondary  contaminants  that  do  not  adversely  impact  public  health. 

ND:  Not  Detected 

Source:  Dames  &  Moore,  Quarterly  Ground-water  Monitoring  Data  Results  (March  1 990,  April  1991,  November 
1991,  March  1 992, 1  September  1 992,  and  1 1  September  1 992),  and  additional  EA  data  through  11/93. 


TABLE  4.1-2  SUMMARY  OF  CHEMICALS  DETECTED  IN  DEEP  GROUNDWATER  AT  SITE  SS59, 

DOVER  AFB  (Continued) 


Contaminant 

Range  Detected 
at  Site  (ug/L) 

NPDWR® 

(ug/L) 

No.  of  Samples 
above  NPDWR® 

Ethylbenzene 

ND-2 

700 

0 

Xylenes  (total) 

ND-7 

10,000 

0 

PESTICIDES® 

Lindane 

0.042-1.3 

0.2 

3 

alpha-BHC 

0.018-0.060 

NA 

— 

beta-BHC 

0.021-0.096 

NA 

— 

delta-BHC 

0.019-0.130 

NA 

— 

Heptachlor 

ND-0.005 

0.4 

0 

Heptachlor  Epoxide 

ND-0.007 

0.2 

0 

Endosulfan  I 

ND-0.004 

NA 

— 

Dieldrin 

ND-0.003 

NA 

— 

4, 4' -DDE 

ND-0.012 

NA 

— 

Endrin 

ND-0.005 

2 

0 

4.4'-DDD 

ND-0.500 

NA 

— 

Endosulfan  Sulfate 

ND-0.004 

NA 

— 

4'4-DDT 

ND-0.028 

NA 

— 

SEMIVOLATILES 

Phenol 

ND-70 

NA 

_ 

(a)  Per  National  Primary  Drinking  Water  Regulation  (NPDWR)  under  the  Safe  Drinking  Water  Act.  NPDWR  values 
are  used  as  a  point  of  reference;  90%  removal  of  the  contaminants  of  concern  is  the  ARAR. 

(b)  NA  =  Not  Available. 

(c)  —  =  Not  Applicable. 

(d)  Also  known  as  2-Butanone. 

(e)  Results  are  for  total  metals. 

(f)  NPDWR  for  Total  Trihalomethanes  is  100  ug/L 

(g)  Based  upon  individual  NPDWRs  for  cis- 1 ,2-Dichloroethene  (70  ug/L)  and  trans- 1 ,2-Dichloroethene  (100  ug/L) 

(h)  All  pesticide  data  except  Lindane  is  from  1 993  analyses  of  ground- water  samples. 

(I)  These  chemicals  are  secondary  contaminants  that  do  not  adversely  impact  public  health. 

ND:  Not  Detected 

Source:  Dames  &  Moore,  Quarterly  Ground- water  Monitoring  Data  Results  (March  1 990,  April  1991,  November 
1991,  March  1992,  1  September  1992,  and  1 1  September  1992),  and  additional  EA  data  through  11/93. 


TABLE  4.1-2  SUMMARY  OF  CHEMICALS  DETECTED  IN  DEEP  GROUNDWATER  AT  SITE  SS59, 

DOVER  AFB  (Continued) 


Contaminant 

Range  Detected 
at  Site  (ag/L) 

NPDWR(a) 

(M  g/L) 

No.  of  Samples 
above  NPDWR(a) (c) (d) 

METALS(e) (f) (g) (h) 

Aluminum® 

261-9,625 

— 

— 

Iron® 

156-10,340 

— 

— 

Lead 

55.8-96.8 

15 

2 

Manganese® 

17-365 

— 

— 

Sodium® 

8,040-22,250 

— 

— 

(a)  Per  National  Primary  Drinking  Water  Regulation  (NPDWR)  under  the  Safe  Drinking  Water  Act.  NPDWR  values 
are  used  as  a  point  of  reference;  90%  removal  of  the  contaminants  of  concern  is  the  ARAR. 

(b)  NA  =  Not  Available. 

(c)  —  =  Not  Applicable. 

(d)  Also  known  as  2-Butanone. 

(e)  Results  are  for  total  metals. 

(f)  NPDWR  for  Total  Trihalomethanes  is  1 00  ug/L 

(g)  Based  upon  individual  NPDWRs  for  cis-l,2-Dichloroethene  (70  ug/L)  and  trans- 1  ;2-Dichloroethene  (100  ug/L) 

(h)  All  pesticide  data  except  Lindane  is  from  1 993  analyses  of  ground-water  samples. 

(I)  These  chemicals  are  secondary  contaminants  that  do  not  adversely  impact  public  health. 

ND:  Not  Detected 

Source:  Dames&Moore,  Quarterly  Ground-water  Monitoring  Data  Results  (March  1990,  April  1991, November 
1991,  March  1992, 1  September  1992,  and  1 1  September  1992),  and  additional  EA  data  through  11/93. 


Concurrent  with  compounds  eluting  from  the  GC  column,  the  integrator  printed  out  a 
chromatogram,  which  is  a  continuous  graph  of  the  GC  detector  response  to  the  eluting 
compounds.  Subsequently,  a  numerical  summary  of  peak  areas  with  corresponding  compound 
identifications  and  concentrations  was  printed.  Unknown  peaks  were  quantified  only  by  peak 
area. 

Data  reduction  was  accomplished  by  the  onsite  environmental  chemist  and  subsequently  verified 
by  another  environmental  chemist. 

4.2.2  QA/QC 

Data  quality  needs  were  determined  by  the  specified  compound  reporting  limits  and  the  Quality 
Assurance/Quality  Control  (QA/QC)  protocols  required  by  the  analytical  methods  used.  In  order 
to  maintain  GC  analysis  QA/QC,  vapor  standards  were  analyzed  at  the  beginning  of  each  day 
and  thereafter  at  least  once  every  10  samples.  A  system  blank  and  an  ambient  air  (syringe)  blank 
was  analyzed,  minimally,  at  the  beginning  and  end  of  each  day.  Vapor  samples  were  analyzed 
in  duplicate  at  least  once  every  10  samples,  chronologically.  Matrix  spikes  were  analyzed  every 
20  samples. 

4.2.3  Results 

Monitoring  well  headspace  concentrations,  as  measured  with  an  HNu  photoionization  detector 
during  the  extended  pilot  study,  are  presented  in  Table  4.2-1.  Headspace  concentrations 
generally  ranged  from  ND  to  16.0  ppm  for  most  dates  of  sampling  (SMW45-2P;  1  September 
1994);  however,  during  the  sampling  event  on  8  July  1994,  headspace  concentrations  ranged 
from  ND  to  340  ppm. 

Soil  vapor  samples  were  collected  from  the  vadose  zone  monitoring  points  (VMWs  and  direct 
push  locations)  during  the  initial,  mid-term,  and  final  sampling  events  (Tables  4.2-2  through 
4.2-4,  respectively).  Carbon  tetrachloride  was  not  identified  in  the  soil  gas  samples  during  the 
three  sampling  events.  BTEX  compounds  were  non-detect  in  almost  every  soil  gas  sample 
during  the  three  sampling  events.  Overall,  the  AAS/SVE  system  was  efficient  at  removing 
vapor-phase  contaminants  from  the  vadose  zone.  Total  VOC  concentrations  in  the  individual 
wells  for  the  initial,  mid-term,  and  final  sampling  events  ranged  from  0.016  to  273.137  ppmv 
(DP-12),  0.014  to  344.187  ppmv  (DP-12),  and  non-detect  to  0.661  ppmv  (VMW10-2P), 
respectively.  Average  total  VOC  concentrations  (with  standard  deviations  of  those  data)  were 
23.290+53.364  ppmv,  17.284+45.260  ppmv,  and  0. 120±0. 172  ppmv  for  the  initial,  mid-term, 
and  final  sampling  events,  respectively.  This  represents  a  99.4%  reduction  in  the  average  level 
of  the  primary  COCs  within  the  vadose  zone  between  the  initial  and  final  sampling  events. 
Decreases  in  total  VOC  concentrations  ranging  from  87%  to  99.99%  were  observed  in  all  soil 
gas  monitoring  points  within  the  45  ft  ROI  (Table  4.2-5).  In  most  of  the  samples  collected 
during  the  initial  and  mid-term  sampling  events,  methylene  chloride  and  the  two  DCE  isomers 
provided  the  greatest  contribution  to  the  total  VOCs  observed.  The  reported  concentrations  for 
these  compounds  during  the  final  sampling  event  were  reduced  by  one  to  three  orders  of 
magnitude  as  compared  to  the  earlier  data.  This  level  of  vapor  extraction  is  a  critical  component 
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Table  4.2-1  Monitoring  Well  Headspace  Concentrations  (ppm-v)  During  the 

Extended  AAS/SVE  Pilot  Study  -  Site  SS59  -  Dover  AFB,  Delaware 
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Table  4.2-2  INITIAL  SOIL  VAPOR  VOC  CONCENTRATIONS 

MAY  TO  JUNE  1994  -  SITE  SS59  -  DOVER  AFB,  DELAWARE 
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Table  4.2-3  MID-TERM  SOIL  VAPOR  VOC  CONCENTRATIONS 

October  1994  -  SITE  SS59  -  DOVER  AFB,  DELAWARE 
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Table  4.2-4  FINAL  SOIL  VAPOR  VOC  CONCENTRATIONS 

23  TO  25  January  1995  •  SITE  SS59  -  DOVER  AFB,  DELAWARE 


Table  4.2-5  Changes  in  Soil  Gas  VOC  Concentrations  within  the  45  ft  ROI 

Dover  AFB  SiteSS59  Extended  AAS/SVE  Pilot  Study 


45  ft 

VMW45-1 
VMW45-1 P 
SMW45-1 
SMW45-1P 
DP-8  (44  ft) 

"/©Change 

-98.29% 

-99.26% 

-99.87% 

-97.74% 

-99.33% 

Decrease  No  Change  increase 

1 

1 

1 

1 

1 

45  ft 

VMW45-2 

VMW45-2P 

SMW45-2 

SMW45-2P 

"/©Change 

-98.99% 

-99.84% 

-99.69% 

-97.68% 

Decrease  No  Change  Increase 

1 

1 

1 

1 

20-34  ft 

20-34  ft 

-99.76% 

1 

-98.98% 

1 

VMW25-1P 

-99.45% 

1 

SMW34-2P 

-90.87% 

1 

SMW25-1 

-99.00% 

1 

VMW20-2 

-96.98% 

1 

SMW25-1P 

-99.95% 

1 

SMW20-2 

-98.68% 

1 

DP-12  (24  ft) 

-99.98% 

1 

DP-2  (20  ft) 

-99.99% 

1 

10-15  ft 

10-15  ft 

mmunm 

-98.25% 

1 

-97.61% 

1 

VMW10-1P 

-99.69% 

1 

VMW10-2P 

-86.98% 

1 

SMW10-1 

-99.83% 

1  1 

SMW10-2 

-99.32% 

1 

SMW10-1P 

-99.61% 

1 

SMW10-2P 

-98.39% 

1 

DP-11  (12  ft) 

-99.99% 

1 

DP-1  (15  ft) 

-99.90% 

1 

DP-4  (15  ft) 

-99.88% 

1 

DP-5  (15  ft) 

-99.60% 

1 

TOTAL 

15  0  0 

===== 

16  0  0 

notes:  "No  Change"  indicates  initial  and  final  VOC  concentrations  within  5%. 

Shallow  monitoring  well  data  represent  the  mid-  and  final-term  sampling  events. 
Percent  changes  are  determined  from  the  data  presented  in  Tables  4.2-2  to  4.2-4. 


SUMMARY  of  Soil  Gas  Results  for  the  Wells  within  the  45  ft  ROI 


11 H  T  III 

45  ft 
20-34  ft 
10-15  ft 

9  0  0 

10  -0  0 

12  0  0 

TOTAL 

31  0  0  ! 
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for  efficient  application  of  combined  AAS  and  SVE  technologies.  The  efficiency  of  air 
sparging,  as  indicated  from  the  degree  of  ground-water  remediation,  is  discussed  in  Sections  4.3 
and  5.5. 

4.3  GROUNDWATER 

4.3.1  Methodology 

Ground-water  samples  were  collected  from  each  of  the  shallow  and  deep  monitoring  wells  in 
Test  Areas  1  and  2.  Procedures  followed  those  outlined  in  Section  3.2.2.  This  sampling  was 
performed  during  three  separate  events:  once  at  the  commencement  of  the  study  (June  1994), 
mid-way  through  the  study  (October  1994),  and  at  the  end  of  the  study  (January  1995).  Samples 
were  analyzed  by  the  procedures  outlined  in  Section  4.2.1  by  an  environmental  chemist  with  an 
onsite  GC. 

4.3.2  QA/QC 

Data  quality  needs  were  determined  by  the  specified  compound  reporting  limits  and  the 
Quality  Assurance/Quality  Control  (QA/QC)  protocols  required  by  the  analytical  methods 
used.  In  order  to  maintain  GC  analysis  QA/QC,  aqueous  standards  were  analyzed  at  the 
beginning  of  each  day  and  thereafter  at  least  once  every  10  samples.  A  system  blank  and  a  DI 
water  blank  were  analyzed,  minimally,  at  the  beginning  and  end  of  each  day.  Aqueous 
samples  were  analyzed  in  duplicate  at  least  once  every  10  samples,  chronologically.  Matrix 
spikes  were  analyzed  every  20  samples. 

4.3.3  Results 

Summaries  of  the  analytical  results  for  total  VOCs  in  ground-water  samples  which  were 
collected  during  the  initial,  mid-term,  and  final  sampling  events  are  presented  in  Tables  4.3-1 
and  4.3-2.  In  these  tables,  a  positive  percent  change  indicates  a  net  increase  in  the  ground-water 
VOC  concentration  over  when  comparing  the  final  (January  1995)  to  the  initial  (June  1994) 
analyses.  Similarly,  a  negative  percent  change  indicates  a  net  decrease  in  VOC  concentrations. 
These  values  can  be  taken  as  an  indication  of  the  mobilization/migration  or  remediation, 
respectively,  of  the  COCs  within  the  aquifer.  The  detailed  chemical  data  for  the  individual 
VOCs  identified  in  ground  water  are  presented  in  Tables  F.4-1  through  F.4-8  (Appendix  F). 
These  data  are  summarized  with  respect  to  monitoring  location  and  sampling  event  in  Table  F.4- 
9  (Appendix  F). 

Variable  increases  and  decreases  in  dissolved  VOC  concentrations  were  observed  in  both  test 
areas  over  the  duration  of  the  extended  pilot  study.  In  Test  Area  1,  the  changes  in  ground-water 
VOC  concentrations  ranged  from  a  97.2%  decrease  (AAS-1;  from  23,260  pg/L  to  656  pg/L)  to  a 
10,571%  increase  (DMW75-1P;  from  7  to  747  pg/L).  In  Test  Area  2,  dissolved  VOC 
concentrations  ranged  from  a  77.5%  reduction  (SMW75-2P;  from  249  to  56  pg/L)  to  a  485.6% 
increase  (DMW34-2P;  from  354  to  2,073  pg/L).  The  increases  which  were  observed  in  ground- 
water  VOC  concentrations  still  may  represent  a  beneficial  and  necessary  aspect  of  ground-water 
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TABLE  4.3-1  SUMMARY  OF  THE  CHANGES  IN  CHEMICAL  CONCENTRATIONS 
IN  GROUND-WATER  SAMPLES  FOR  TEST  AREA  NO.  1 ,  SITE  SS59, 
DOVER  AFB,  DELAWARE 


Deep  Monitoring  Points 

Sample  Well 

TOTAL* 

%  CHANGE 

(1) 

DMW75-1 

161 

-18.6 

(2) 

292.9 

(3) 

131 

(1) 

DMW45-1 

490 

-63.1 

(2) 

489.7 

(3) 

181 

(1) 

DMW25-1 

1394 

2.7 

(2) 

763.7 

(3) 

1432 

(1) 

DMW10-1 

951 

-95.3 

(2) 

665 

(3) 

45 

(1) 

AAS1 

23260 

-97.2 

(2) 

2724.1 

(3) 

656 

(D 

DMW10-1P 

615 

1.5 

(2) 

682.4 

(3) 

624 

(1) 

DMW25-1P 

59 

779.7 

(2) 

490.2 

(3) 

519 

(1) 

DMW45-1 P 

20 

2235.0 

(2) 

354.6 

(3) 

467 

(1) 

DMW75-1 P 

7 

10571.4 

(2) 

78.9 

(3) 

747 

Shallow  Monitoring  Points 


Sample  Well 

TOTAL* 

%  CHANGE 

SMW75-1 

ND 

18.1 

39 

Increase** 

SMW45-1 

19 

32.3 

12 

-36.8 

SMW25-1 

12 

55.3 

44 

266.7 

SMW10-1 

7 

61.9 

41 

485.7 

SMW10-1P 

10 

61.8 

19 

90.0 

SMW25-1 P 

10 

186.9 

29 

190.0 

SMW45-1 P 

17 

93.9 

20 

17.6 

SMW75-1 P 

ND 

53.9 

9 

Increase** 

Notes:  ND  =  Not  Detected 

*  -  Totals  represent  the  summation  of  chlorinated  VOC  and  BTEX  concentrations. 

**  -  Cannot  determine  %change  (division  by  zero). 

(1)  =  Initial  Ground-Water  Chemical  Results  (ug/L)  (June  1994) 

(2)  =  Mid-Term  Ground-Water  Chemical  Results  (ug/L)  (October  1994) 

(3)  =  Final  Ground-Water  Chemical  Results  (ug/L)  (January  1995) 

%  CHANGE  =  ((AT-BT)/BT)  *  100 

where  BT  =  Before  Test  (1)  Total  VOC  Chemical  Results  (ug/L) 

AT  =  After  Test  (3)  Total  VOC  Chemical  Results  (ug/L) 
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TABLE  4.3-2  SUMMARY  OF  THE  CHANGES  IN  CHEMICAL  CONCENTRATIONS 

IN  GROUND-WATER  SAMPLES  FROM  TEST  AREA  NO.  2,  SITE  SS59, 

DOVER  AFB,  DELAWARE 


Deep  Monitoring  Points  Shallow  Monitoring  Points 


Sample  Well  TOTAL*  %  CHANGE  Sample  Well  TOTAL*  %  CHANGE 


(1) 

DMW75-2  4388  -37.6 

SMW75-2  51  11.8 

(2) 

1412.2 

147.7 

(3) 

2740 

57 

(1) 

DMW45-2  3477  -1.2 

SMW45-2  57  100.0 

(2) 

526.9 

219.2 

(3) 

3435 

114 _  ./ 

(1) 

DMW20-2  1060  37.0 

SMW20-2  5  320.0 

(2) 

826.8 

29.3 

(3) 

1452 

21 

(1) 

DMW10-2  2054  -43.1 

SMW10-2  43  -44.2 

(2) 

1400.9 

4.2 

(3) 

1168 

24 

(1) 

AAS2 

1643 

-35.7 

(2) 

10991.8 

(3) 

1056 

(D 

DMW10-2P  836  24.5 

SMW10-2P  94  -69.1 

(2) 

1526.9 

85.1 

(3) 

1041 

29 

(1) 

DMW34-2P  354  485.6 

SMW34-2P  1831  -89.6 

(2) 

1908.3 

370.6 

(3) 

2073 

191 

(1) 

DMW45-2P  1413  467.2 

SMW45-2P  DRY  NA 

(2) 

1898.3 

DRY 

(3) 

8014 

DRY 

(1) 

DMW75-2P  928  233.6 

SMW75-2P  249  -77.5 

(2) 

2154.2 

309.4 

(3) 

3096 

56 

Notes:  NA  =  Not  Available 

*  -  Totals  represent  the  summation  of  chlorinated  VOC  and  BTEX  concentrations. 

(1)  =  Initial  Ground-Water  Chemical  Results  (ug/L)  (June  1994) 

(2)  =  Mid-Term  Ground-Water  Chemical  Results  (ug/L)  (October  1994) 

(3)  =  Final  Ground-Water  Chemical  Results  (ug/L)  (January  1995) 

%  CHANGE  =  ((AT-BT)/BT)  *  100 

where  BT  =  Before  Test  (1)  Total  VOC  Chemical  Results  (ug/L) 

AT  =  After  Test  (3)  Total  VOC  Chemical  Results  (ug/L) 
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remediation  via  AAS/SVE.  This  benefit  is  realized  through  the  solubilization  or  desorption  of 
adsorbed-phase  contaminants  resulting  from  increased  circulation  of  ground  water  following  air 
injection.  By  increasing  the  volume  of  water  which  passes  over  adsorbed-  or  non-aqueous-phase 
contaminants,  the  driving  forces  for  mass  transfer  are  increased  and  the  concentrations  of  COCs 
in  ground  water  can  be  expected  to  increase.  With  the  presence  of  adsorbed-phase  COCs,  this 
would  be  a  necessary  first  step  for  the  remediation  of  Site  SS59.  Following  the  transformation 
to  an  aqueous  phase,  the  COCs  would  then  be  available  for  volatilization  and  removal  by  SVE. 
Ground-water  VOC  concentrations  would  remain  in  an  elevated  state  due  to  inadequate 
sparging.  Additional  sparge  wells  would  act  to  enhance  the  removal  of  COCs. 

As  expected,  a  reduction  in  ground-water  VOC  concentrations  was  observed  in  the  vicinity  of 
the  sparge  wells  in  both  test  areas.  The  ability  of  AAS  to  vaporize  the  aqueous  contaminants 
was  reduced  at  greater  distances  from  the  point  of  injection.  This  was  expected  based  upon  mass 
transfer  restrictions  between  the  aqueous-  and  vapor-phases.  At  greater  distances,  the  volume  of 
soil  which  was  required  to  be  contacted  by  the  injected  air  increased  geometrically.  Thus,  the 
volume  and  flow  rate  of  the  injected  air  decreased  such  that  the  frequency  of  air/contaminant 
contact  and  the  driving  force  for  mass  transfer  to  the  vapor  phase  was  reduced.  Accordingly, 
although  some  degree  of  influence  was  observed  at  distances  up  to  45  ft,  decreased  volatilization 
of  the  COCs  was  affected  due  to  the  decreased  intensity  of  sparging  (i.e.,  the  volume  and  flow 
rate  of  air)  at  greater  distances.  Additionally,  the  air  which  had  reached  the  further  monitoring 
points  had  already  been  in  contact  with  contaminated  soils.  Thus,  some  degree  of  volatilized 
COCs  were  present  in  the  air  flow  and  a  driving  force  for  mass  transfer  (i.e.,  the  concentration 
gradient)  was  reduced.  Standard  designs  for  full-scale  AAS/SVE  systems  incorporate  a  series  of 
sparge  wells  which  are  placed  such  that  the  ROIs  partially  overlap.  This  acts  to  maintain 
adequate  volumes  and  flow  rates  of  injected  (clean)  air  as  well  as  minimizing  the  occurrence  of 
“dead  spaces”  (areas  not  reached  by  AAS  due  to  flow  channeling  or  gaps  in  the  overlapping  of 
ROIs  where  there  is  liquid  phase  diffusion  limited  operation). 

Based  upon  the  deep  monitoring  well  data,  total  VOC  concentrations  appeared  to  decrease  only 
in  the  series  of  wells  which  were  aligned  parallel  to  ground-water  flow.  This  is  consistent  with 
the  data  obtained  (under  equivalent  flowrates)  during  the  tracer  gas  study  (Appendix  A).  For  the 
shallow  monitoring  wells,  decreases  in  total  VOC  concentrations  were  generally  observed  in 
Test  Area  2  for  the  series  wells  which  were  aligned  in  the  perpendicular  direction. 

Ground-water  samples  were  also  collected  from  the  direct-push  and  the  deep  geoprobes  during 
the  initial  and  final  sampling  events  (Table  4.3-3).  The  deep  geoprobes  were  only  sampled 
during  the  initial  sampling  event.  During  the  initial  sampling,  all  of  the  direct-push  samples 
were  collected  from  the  shallow  aquifer  During  the  final  sampling,  five  of  the  10  probes  were 
placed  into  the  deep  aquifer;  thus,  for  these  five  samples,  the  degree  of  VOC  removal  could  not 
be  determined.  From  the  remaining  direct  push  samples,  the  changes  in  total  ground-water  VOC 
concentrations  ranged  from  a  71.4%  reduction  (DP-12;  Test  Area  1;  from  63  to  18  pg/L)  to  a 
25.2%  increase  (DP-3;  Test  Area  2;  from  69.5  to  87  pg/L).  The  data  for  the  geoprobes  and 
adjacent  wells  are  presented  in  Table  4.3.4.  Large  differences  which  were  observed  (e.g. 
between  DP- 12  and  MW-2HS)  may  reflect  either  the  heterogeneity  of  the  subject  site,  the 
presence  of  a  preferential  flow  channels  to  the  monitoring  well,  or  potential  losses  of  aqueous 
phase  VOCs  within  the  immediate  vicinity  of  the  monitoring  well  to  the  vadose  zone  (since  the 
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well  is  screened  across  the  water  table  and  the  well  casing  may  act  as  a  preferential  flow  channel 
for  the  injected  air).  Variable  consistency  was  observed  between  the  other  data  collected  from 
the  direct  push  or  geoprobe  locations  as  compared  to  the  respective  adjacent  monitoring  wells 
(Table  4.3-4).  There  did  not  appear  to  be  a  trend  toward  lower  VOC  concentrations  in  the 
monitoring  wells  with  respect  to  the  direct  push  samples  found  at  similar  distances  from  the 
sparge  wells.  Thus,  it  is  unlikely  that  preferential  flow  paths  are  being  created  by  the  monitoring 
wells  and  the  differences  with  respect  to  the  probe  locations  may  have  been  due  to  site 
heterogeneity  (i.e.,  air  movement  and  contaminant  distribution). 

Baseline  dissolved  oxygen  (DO)  readings  collected  prior  to  the  commencement  of  the  extended 
pilot  study  are  presented  in  Table  4.3-5.  Baseline  DO  readings  were  generally  less  than  4  ppm 
which  is  typical  for  most  shallow  ground  waters.  DO  measurements  which  were  performed  over 
the  duration  of  the  extended  pilot  study  are  presented  in  Table  4.3-6.  These  DO  concentrations 
ranged  from  0.3  to  12.8  mg/L.  As  expected,  the  highest  DO  concentrations  were  observed  in  the 
vicinity  of  the  sparge  wells.  A  comparison  of  dissolved  oxygen  concentrations  prior  to  any 
AAS/SVE  pilot  testing,  compared  to  average  DO  concentrations  over  the  extended  treatability 
study  test,  shows  that  20  of  the  22  monitoring  wells  had  a  substantial  increase  in  DO 
concentrations.  The  results  are  presented  in  Table  4.3-7.  Depth  measurements  to  the  ground- 
water  table  also  were  collected  over  the  duration  of  the  pilot  study  and  are  presented  in  Table 
4.3-8.  Changes  in  ground-water  elevations  were  related  to  seasonal  fluctuations  in  ground  water 
and  could  not  be  attributed  to  the  extended  pilot  test. 

4.4  OFFGAS  ANALYSIS 

4.4.1  Methodology 

Off  gas  samples  were  collected  into  Tedlar  bags  from  the  SVE  system  prior  to  treatment  with 
GAC.  This  sampling  was  performed  over  twelve  separate  sampling  events  during  the  study. 
Samples  were  analyzed  for  the  COCs  discussed  in  Section  4. 1 .  Analyses  were  performed 
according  to  the  procedures  outlined  in  Section  4.2.1  by  an  environmental  chemist  with  an  onsite 
GC 

4.4.2  QA/QC 

Data  quality  needs  were  determined  by  the  specified  compound  reporting  limits  and  the 
QA/QC  protocols  required  by  the  analytical  methods  used.  In  order  to  maintain  GC  analysis 
QA/QC,  vapor  standards  were  analyzed  at  the  beginning  of  each  day  and  thereafter  at  least 
once  every  10  samples.  A  system  blank  and  an  ambient  air  (syringe)  blank  was  analyzed, 
minimally,  at  the  beginning  and  end  of  each  day.  Vapor  samples  were  analyzed  in  duplicate  at 
least  once  every  10  samples  chronologically. 

4.4.3  Results 

Off  gas  samples  were  collected  from  various  points  of  the  SVE  system.  This  included  separate 
off  gas  from  the  SVE-1  and  SVE-2  wells,  a  combined  SVE-l/SVE-2  offgas  prior  to  GAC 
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TABLE  4.3-3 


SUMMARY  OF  THE  CHANGES  IN  CHEMICAL  CONCENTRATIONS 
IN  GROUND-WATER  FOR  ADDITIONAL  SAMPLES,  SITE  SS59, 
DOVER  AFB,  DELAWARE 


WELL 

D/S 

TOTAL* 

%  CHANGE 

(1) 

DP-1 

S 

23.3 

N/A 

(2) 

NS 

(3) 

NS 

(1) 

DP-2 

S 

29.4 

N/A 

(2) 

NS 

(3) 

NS 

(1) 

DP-3 

S 

69.5 

25.2 

(2) 

NS 

(3) 

S 

87 

(D 

DP-4 

S 

1.3 

N/A 

(2) 

NS 

(3) 

D 

292 

(D 

DP-5 

S 

29.5 

N/A 

(2) 

NS 

(3) 

D 

893 

(1) 

DP-6 

S 

29.7 

-36.0 

(2) 

NS 

(3) 

S 

19 

(1) 

DGP-1 

D 

1045 

NA 

(2) 

NS 

(3) 

NS 

(1) 

DGP-2 

D 

1415 

NA 

(2) 

NS 

(3) 

NS 

(D 

DGP-3 

D 

28 

NA 

(2) 

NS 

(3) 

NS 

Notes: 

*  -  Totals  represent  the  summation  of  chlorinated  VOC  and  BTEX  concentrations. 

**  -  Cannot  determine  %change  (division  by  zero). 

(1)  =  Initial  Ground-Water  Chemical  Results  (ug/L)  (June  1994) 

(2)  =  Mid-Term  Ground-Water  Chemical  Results  (ug/L)  (October  1994) 

(3)  =  Final  Ground-Water  Chemical  Results  (ug/L)  (January  1995) 

%  CHANGE  =  ((AT-BT)/BT)  *  100 

where  BT  =  Before  Test  (1)  Total  VOC  Chemical  Results  (ug/L) 

AT  =  After  Test  (3)  Total  VOC  Chemical  Results  (ug/L) 

NS  =  Not  Sampled  DP  =  Direct  Push  ND  =  Not  Detected 

N/A  =  Not  Applicable  DGP  =  Deep  Geoprobe 
D/S  =  Deep  vs.  Shallow  Monitoring  Point 
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TABLE  4.3-4  COMPARISON  OF  THE  DIRECT  PUSH  PROBE  AND  MONITORING 
WELL  GROUND-WATER  DATA 


First 

Event  SpiplpISf 

-Final 

Event  1 

DP 

Location ; 

•  DP 

MW -111811 

Concentration  4 
;  (ng/L)  (Well#) : 

DP 

mMMm 

*  ■  MW 

'  Concentration  1 
(tig/L)  (Well#) 

DP-5 

29.5 

43  (SMW10-2) 
or  compare  to 

5  (SMW20-2) 

893 

1,168  (DMW1 0-2) 
or  compare  to 

1,452  (DMW20-2) 

DP-6 

29.7 

249  (SMW75-2P) 

19 

56  (SMW75-2P) 

DP-8 

ND 

19  (SMW45-1) 

179 

181  (DMW45-1) 

DP-9 

1.0 

51  (SMW75-2) 

264 

2,740  (DMW75-2) 

DP- 10 

Stet. 

17  (SMW45-1P) 

18 

20  (SMW45-1P) 

DP-11 

15.0 

10  (SMW10-1P) 

2,175 

624  (DMW10-1P) 

DP- 12 

63.0 

18 

NS 

Notes:  ND  =  Not  Detected 

NS  =  Not  Sampled 

Comparisons  could  not  be  shown  for  the  direct  push  locations  (i.e.,  DP-1,  DP-2, 
DP-4,  and  DP-7)  which  were  not  located  adjacent  to  monitoring  wells  and  for  DP- 
3  which  was  located  adjacent  to  a  dry  monitoring  well. 
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Table  4.3-5  Dissolved  Oxygen  Measurements  Before  the  Extended  AAS/SVE 
Pilot  Study,  Site  SS59,  Dover  AFB,  Delaware 


SMW-75-1 P 


DMW-75-1 P 


SMW-10-1 P 


DMW-10-1P 


SMW-10-1 


DMW-10-1 


SMW-25-1 


DMW-25-1 


SMW-45-1 


DMW-45-1 


SMW-75-1 


DMW-75-1 


SMW-75-2 

1.0 

DMW-75-2 

2.0 

SMW-45-2 

0.7 

DMW-45-2 

3.0 

SMW-20-2 

1.0 

DMW-20-2 

0.5 

SMW-10-2 

1.0 

DMW-10-2 

3.0 

SMW-10-2P 

NA 

DMW-10-2P 

2.0 

SMW-34-2P 

0.8 

2 


211-D 


212-S 


2 


Q4J-S 

04J-D 


*  -  DO  reading  by  Chemets  (31  May  to  2  June  1 994) 

**  -  DO  reading  by  YSI  meter  (31  May  to  2  June  1994) 

***  --  There  are  two  different  depths  of  the  geoprobes: 

NS  --  Not  Sampled:  Water  level  was  below  the  depth  that  the  oxygen  probe  could  be  lowered. 
NA  -  Not  Available 

DP  --  (shallow)  depths  ranged  from  12  to15  ft  bgs 
DGP  -  (deep)  depths  ranged  from  30  to  35  ft  bgs 
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Table  4.3-6  Dissolved  Oxygen  Measurements  (PPM)  during  the  Extended  AAS/SVE  Pilot  Study 

Site  SS59,  Dover  AFBf  Delaware 
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Table  4.3-7  Changes  in  Ground-Water  Dissolved  Oxygen  Concentrations  within  the  45  ft  ROl 
Dover  AFB  SiteSS59  Extended  AAS/SVE  Pilot  Study 


TEST  AREA  1 


RESULTS 

cN^Changeiiaicrease;; 


"451T 


WMEam 

0.9 

239.5% 

SMW-45-1 P 

1.5 

195.8% 

DMW-45-1 

0.65 

360.8% 

DMW-45-1 P 

NS 

NA 

NA 


NA 


1 

1 

1 

NA 


25  ft 


■ 

0.6 

503.0% 

SMW-25-1 P 

1 

0.8 

271.6% 

DMW-25-1 

0.75 

196.4% 

H  j 

0.8 

810.2% 

10ft 


SMW-10-1 

5.4 

0.9 

504.0% 

SMW-1 0-1 P 

5.5 

1 

447.3% 

DMW-10-1 

4.6 

0.8 

476.1% 

7.1 

0.9 

687.9% 

TOTAL 

- 

- 

- 

11 


TEST  AREA  2 


RESULTS 


>  POST  HI  FREC2)  ^CHANGE 

45  ft 

_ _Z _ ] 

_ 

4.2 

5.6 

-24.8% 

i 

SMW-45-2P 

0.6 

NS 

NA 

NA 

NA 

NA 

DMW-45-2 

3.0 

0.95 

216.6% 

1 

DMW-45-2P 

2.1 

1 

108.5% 

1 

20-34  ft 

_ 

3.0 

1 

200.5% 

1 

DMW-34-2P 

2.3 

1 

130.9% 

1 

SMW-20-2 

4.7 

0.9 

419.2% 

1 

6.0 

1.2 

403.0% 

1 

10ft 

_ 

5.7 

0.8 

612.5% 

1 

4.6 

0.8 

479.0% 

1 

DMW-10-2 

6.1 

8.2 

-25.1% 

1 

DMW-10-2P 

3.6 

0.9 

300.5% 

1 

TOTAL 

- 

2 

0 

9 

Notes: 

(1) :  Average  of  the  reported  D.O.  concentrations  over  the  duration  of  the 

extended  AAS/SVE  pilot  study  (May  1 994  -  Jan  1 995) 

(2) :  Reported  D.O.  concentrations  prior  to  the  initial  AAS/SVE  Treatability 

Study  (12  Oct  1993) 

NS  =  Not  Sampled 
NA=  Not  Applicable 
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Table  4.3-8  Depth  to  Ground  Water  (ft)  During  the  Extended  AAS/SVE  Pilot  Study 

Site  SS59,  Dover  AFB,  Delaware 


filtration  (“influent”),  offgas  between  the  two  GAC  canisters  (manifolded  in  series),  and  after 
GAC  treatment  prior  to  discharge  to  the  atmosphere.  A  summary  of  the  total  off  gas  VOCs  for 
each  of  these  sampling  points  during  the  fourteen  sampling  events  is  presented  in  Table  4.4-1. 

Total  (combined  SVE-1  and  SVE-2)  influent  offgas  VOC  concentrations  ranged  from  0.167  to 
26.062  ppmv.  The  average  influent  off  gas  VOC  concentration  was  2.737  ppmv.  The  higher 
concentration  was  observed  during  the  13  October  1994  sampling  event  when  unusually  elevated 
concentrations  of  methylene  chloride  and  c-DCE  (particularly  in  the  SVE-2  offgas)  were 
identified.  In  general,  offgas  concentrations  typically  ranged  from  0. 167  to  2.548  ppmv.  The 
sample  collected  on  13  October  1994  followed  a  one  week  period  of  non-operation.  It  appears  at 
this  time  that  a  zone  of  higher  concentration  methylene  chloride  was  mobilized  and  subsequently 
stripped  from  solution. 

Under  the  DNREC  criterion,  emission  of  S  VE  off  gas  VOCs  is  currently  regulated  to  a  level  of 
2.4  lb/day  in  offgases.  Over  the  course  of  the  extended  pilot  study,  most  of  the  offgases  were 
non-detect  (Table  4.4-1)  for  the  primary  VOCs  of  concern  following  treatment  with  GAC. 
Detectable  concentrations  of  VOCs  were  present  in  the  vented  off  gas  during  the  8  July, 

1  September,  and  the  14  November  1994  sampling  events.  However,  these  emission  levels  did 
not  exceed  the  DNREC  criterion.  Emissions  of  VOCs  following  GAC  treatment  were  reported 
to  be  non-detect  during  the  final  sampling  event  on  25  January  1995.  Thus,  at  that  time,  the 
GAC  canisters  had  not  reached  breakthrough. 
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Table  4.4-1  Offgas  VOC  Concentrations  during  the  Extended  AAS/SVE  Pilot  Study 

Site  SS59,  Dover  AFB,  Delaware 
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5.  AAS/SVE  SYSTEM  PERFORMANCE  EVALUATION 

5.1  OPERATIONAL  PARAMETERS 

System  operational  data  which  was  collected  over  the  course  of  the  extended  AAS/SVE  pilot 
study  are  presented  in  Appendix  G.  These  data  include  differential  pressures  at  the  individual 
monitoring  wells  and  AAS  and  SVE  flow  rates  and  pressures.  These  data  were  collected  by  EA 
and  DAFB  Civil  Engineering  personnel. 

5.1.1  AAS  Injection  Pressure 

The  injection  pressure  required  to  introduce  air  into  the  saturated  zone  is  directly  related  to  the 
resistance  of  saturated  zone  soils  to  air  flow,  as  well  as  the  pressure  required  to  overcome  the 
hydrostatic  pressure  of  the  water  column  present  above  the  screened  interval  of  the  AAS  wells. 
Injection  pressures  were  measured  periodically  by  directly  recording  the  pressure  (psig)  from  an 
in-line  pressure  gauge  located  at  the  AAS  test  wellhead. 

The  hydrostatic  head  representing  the  column  of  water  present  above  the  screened  interval  in 
each  of  the  two  AAS  test  wells  was  measured  in  order  to  estimate  the  required  air  injection 
pressure  irrespective  of  the  formational  resistance  of  saturated  zone  soils.  During  the  initial 
treatability  study  (EA,  1994b),  it  was  calculated  that  a  minimum  of  10.7  psig  and  9.9  psig  would 
be  required  to  overcome  the  hydrostatic  head  present  at  test  wells  AAS-1  and  AAS-2, 
respectively.  The  injection  pressures  observed  during  the  pilot  test  were  in  the  range  of  10  to  18 
psig  in  Test  Area  1  and  8  to  15  in  Test  Area  2  (Appendix  G).  The  difference  between  the 
observed  minimum  injection  pressure  (to  have  induced  a  steady  flow  of  air)  and  the  hydrostatic 
pressure  can  be  attributed  to  the  inherent  formational  resistance  to  air  flow  in  the  saturated  zone. 

5.1.2  AAS  Injection  Flow  Rate 

Injection  flow  rates  were  measured  periodically  during  the  extended  pilot  study  by  directly 
recording  the  injection  rate  (acfm)  from  an  in-line  flowmeter  located  at  the  AAS  wellhead. 
Recorded  flow  rates  were  subsequently  corrected  for  the  effects  of  pressure  utilizing  the 
following  equation: 

Q2  =  Q,(P2/P,)05 

Where: 

Qj  =  Observed  flow  meter  reading  (acfm) 

Q2  =  Actual  flow  rate  (corrected  for  the  effects  of  pressure)  (scfm) 

Px  =  Standard  atmospheric  pressure  (14.7  psig) 

P2  =  Actual  pressure  (pressure  inside  flow  meter  +14.7  psig) 

Injection  flow  rates  observed  during  the  extended  pilot  test  were  in  the  range  of  1  to  12  acfm  in 
AAS-1  and  2  to  8  acfm  in  Test  Area  2.  With  the  above  equation,  these  flow  rates  were 
equivalent  to  1.4  to  16.5  scfm  and  2.7  to  1 1.2  scfm,  respectively.  Injection  pressures  and  flow 
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rates  which  were  observed  over  the  duration  of  the  pilot  study  are  plotted  in  Figures  5.1-1  and 
5.1-2  and  presented  in  Appendix  G. 

5.1.3  SVE  Extraction  Pressure 

The  SVE  vacuum  pressure  is  determined  by  the  soil  characteristics  such  as  permeability,  bulk 
density,  particle  density,  porosity,  grain  size  and  moisture,  the  negative  pressure  generated  by 
the  vacuum  pump,  the  depth  of  the  extraction  well,  and  the  length  of  the  screen  section.  During 
the  extended  pilot  test,  extraction  pressures  ranged  from  38  to  64  inches  of  water  (1.4  to  2.3 
psig)  at  SVE-1  and  stet  to  90  inches  of  water  (1.4  to  3.3  psig)  at  SVE-2. 

5.1.4  SVE  Extraction  Flow  Rate 

During  the  extended  pilot  study,  the  combined  extraction  flow  rate  ranged  from  40  to  64.9  cfm. 
A  flow  velocity  of  approximately  3,000  ft/sec  (64.9  cfm)  was  maintained  for  the  beginning  of 
the  study.  Between  13  October  1994  and  6  January  1995,  the  extraction  flow  rate  was  lowered 
to  55  cfm.  After  6  January  1995,  the  extraction  flow  rate  was  maintained  at  40  cfm.  The 
extraction  flow  rate  is  a  key  parameter  to  determine  the  contaminant  mass  removal  rate  in  the 
soil  vapor  extraction  system.  For  certain  chemical  concentrations  and  mass  transfer  scenarios  in 
the  unsaturated  zone,  the  higher  the  extraction  flow  rate,  the  greater  the  mass  removal  rate.  At 
the  same  time,  if  the  flow  rate  is  too  high,  it  will  reduce  the  contact  time  to  allow  air  flow  to  pick 
up  diffused  contaminants  from  the  soil  vapor  phase  and  soil  particles,  and  thus,  the  mass 
removal  rate  efficiency  will  be  decreased.  Thus,  too  high  of  an  extraction  vacuum  pressure  and 
flow  rate  may  reduce  the  ROI  of  the  soil  vapor  extraction  system.  During  the  extended  pilot 
study,  the  offgas  concentrations  from  the  extraction  wells  were  relatively  stable  regardless  of  the 
decreased  extraction  flow  rates  over  time.  This  suggested  that  short-circuiting  was  not  a 
significant  factor  which  affected  the  offgas  concentrations.  Similarly,  as  discussed  in  Section 
4.2.3,  the  changes  observed  in  soil  gas  concentrations  appeared  to  indicate  that  the  SVE  system 
was  effective  for  removing  VOCs  from  the  vadose  zone. 

5.1.5  Offgas  Concentrations 

The  concentration  of  COCs  in  the  offgas  of  the  SVE  system  can  be  dependent  on  a  number  of 
factors.  Physically,  the  offgas  concentration  is  a  function  of  the  vapor  pressures  of  the 
individual  COCs,  mass  transfer  limitations,  soil  properties  such  as  moisture  content,  temperature, 
and  air  permeability,  and  system  operational  parameters  such  as  extraction  flow  rate  and 
extraction  vacuum  pressure,  among  other  factors.  Offgas  concentration  is  an  important 
parameter  for  the  evaluation  of  the  potential  effectiveness  of  an  AAS/SVE  system  for  a 
particular  site.  Offgas  concentrations  are  directly  related  to  the  contaminant  mass  removal  being 
affected  by  the  AAS/SVE  system  and,  therefore,  can  be  used  to  estimate  system  efficiencies  and 
the  potential  degree  of  remediation. 

Chlorinated  compounds  such  as  methylene  chloride,  c-DCE,  TCA,  TCE,  and  PCE  were  detected 
in  the  offgas  of  the  SVE  system.  The  total  concentrations  of  ECD  VOCs  in  the  offgas  were 
relatively  stable  over  the  duration  of  the  pilot  study  (ranging  from  0. 167  to  2.548  ppmv)  with  the 
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Figure  5.1-1  Pressure  and  Flow  vs  Time 

AAS-l 
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Figure  5.1-2  Pressure  and  Flow  vs  Time 

AAS-2 
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exception  of  the  sampling  event  on  13  October  1994  (26.152  ppmv).  This  increase  was 
predominantly  attributed  to  elevated  concentrations  of  methylene  chloride  (6.2  ppmv)  and  c-DCE 
(17.4  ppmv). 

BTEX  compounds  were  non-detect  during  each  of  the  twelve  offgas  sampling  events.  BTEX 
compound  are  typical  fuel  components  and  their  absence  indicates  that  potential  spills  of  JP-4 
from  the  nearby  flight  line  (during  fueling  operations  or  from  pipeline  leaks)  have  not  affected 
Site  SS59  at  this  time. 

5.2  ESTIMATION  OF  HORIZONTAL  AREA  OF  INFLUENCE 

The  Radius  of  Influence  (ROI)  for  AAS  at  Site  SS59  was  estimated  by  conducting  a  tracer  gas 
study  in  Test  Area  1.  Based  upon  the  soil  gas,  ground-water,  and  differential  pressure  data 
which  was  collected,  an  influence  was  found  up  to  45  ft  in  the  shallow  (7  to  17  ft  bgs)  and  deep 
(3 1  to  36  ft  bgs)  monitoring  wells.  This  was  in  close  agreement  with  the  ROI  (45  ft)  which  was 
estimated  during  the  AAS/SVE  Treatability  Study  for  Site  SS59  (EA,  1994b).  Details  of  the 
tracer  gas  study  which  was  performed  at  Site  SS59  are  presented  in  Appendix  A. 

5.3  OFFGAS  MASS  REMOVAL 

During  operation  of  the  AAS/SVE  system,  the  S VE  system  removed  air  that  had  been 
transported  to  the  vadose  zone  by  AAS,  as  well  as  soil  air  that  was  otherwise  existing  within  the 
vadose  zone.  Accordingly,  the  S  VE  offgases  consisted  of  both  air  transported  to  the  vadose 
zone  as  a  result  of  AAS  as  well  as  "native"  soil  air.  Previous  subsurface  investigations  (EA, 
1994a)  have  identified  that  the  COCs  are  present  from  non-detectable  to  very  low  concentrations 
adsorbed  to  soils  in  the  vadose  zone.  Hence,  the  VOC  mass  removal  during  operation  of  the 
AAS/SVE  system  was  largely  attributable  to  mass  transfer  via  AAS. 

The  emission  rate  of  COCs  removed  during  the  extended  AAS/SVE  pilot  study  was  calculated 
using  the  following  equation  (modified  after  EPA,  1989): 

ER=QxCxMWx  1.581  x  10’7x24 

Where:  ER  =  emission  rate  of  a  COC  (lbs/day) 

Q  =  SVE  flow  rate  (CFM) 

C  =  offgas  concentration  of  the  COC  (ppmv) 

MW  =  molecular  weight  of  the  COC  (lb/lb-mole) 

Total  emission  rate  calculations  are  presented  in  Table  B.5-1  (Appendix  B).  In  order  to  quantify 
the  estimated  amount  of  total  petroleum  hydrocarbons  which  were  removed,  the  total  peak  area 
of  constituents  detected  by  the  FID  were  normalized  to  toluene  (i.e.,  the  BTEX  compound  which 
has  a  molecular  weight  that  best  approximates  the  molecular  weight  of  gasoline)  and  are 
expressed  as  "toluene  equivalents". 
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Accordingly,  the  variation  of  the  total  emission  rates  over  the  duration  of  the  extended  pilot 
study  is  depicted  in  Figure  5.4-1.  The  average,  time-weighted,  mass  removal  rate  observed  from 
the  pilot  AAS/SVE  system  was  0.05  Ib/d.  This  rate  of  VOC  removal  may  be  typical  for  the 
relatively  low  concentrations  of  COCs  within  the  aquifer.  Significantly  larger  mass  removal 
rates  have  been  observed  at  other  AAS/SVE  sites,  but  these  studies  involved  aquifers  which 
contained  far  greater  concentrations  of  contaminants. 

The  maximum  mass  removal  rate  which  was  observed  during  the  extended  pilot  study  was  0.54 
lb/d  (13  October  1994).  This  larger  removal  rate  may  have  been  an  indication  that  a  “pulsing” 
of  the  AAS/SVE  system  would  augment  the  overall  removal  efficiency.  Beneficial  affects  from 
the  “pulsing”  of  an  AAS/SVE  system  have  also  been  identified  by  the  work  of  Marley  et  al. 
(1990)  and  Brown  et  al.  (1995).  Prior  to  the  13  October  1994  sampling  event,  the  AAS/SVE 
system  had  been  shut  down  for  approximately  one  week  in  order  to  allow  for  the  mid-term 
ground-water  sampling  event  (the  system  was  then  run  for  one  hour  prior  to  offgas  sampling). 
This  hiatus  may  have  presented  an  opportunity  for  the  collapse  of  preferential  flow  channels 
which  had  been  created  during  past  operations  of  the  system.  Hence,  potentially  untouched 
areas  of  the  aquifer  may  have  been  brought  under  the  influence  of  the  reactivated  pilot  system. 
Additionally,  an  increase  in  the  ground-water  movement  resulting  from  air  injection  may  have 
occurred  and  acted  to  increase  desorption  and/or  solubilization  of  the  COCs.  The  pulsing  of  an 
AAS/SVE  system  provides  a  dynamic  approach  to  instigating  contaminant  removal  within  the 
aquifer.  Changes  in  air  injection  flow  rates  will  act  to  prevent  equilibriums  which  inhibit  the 
efficient  and  rapid  remediation  of  a  site.  Actively  affecting  changes  in  air  flow  paths  and 
ground-water  movement  will  promote  the  solubilization  and/or  desorption  of  contamination 
intervals  within  the  aquifer  which  would  otherwise  be  missed.  It  is  anticipated  that  this  type  of 
approach  will  increase  the  frequency  of  elevated  VOC  concentrations  in  the  offgas.  The  lack  of 
AAS/SVE  system  pulsing  tends  to  lead  to  the  formation  of  stable  flow  channels  and  will  provide 
less  air/contaminant  interaction  over  time.  As  noted,  pulsing  of  AAS  systems  have  been 
reported  in  the  literature  to  increase  contaminant  removal  efficiency,  data  has  not  been  generated 
during  the  course  of  these  studies  to  confirm  its  application  at  site  SS-59 

The  removal  rate  observed  following  the  period  of  non-operation  during  the  extended  pilot  study 
was  similar  to  the  removal  rates  observed  during  the  initial,  combined,  AAS/SVE  treatability 
studies  (average  removal  rates  of  0.68  and  0. 1 1  lb/d  in  Test  Areas  1  and  2,  respectively)  (EA, 
1994b).  The  higher  removal  rates  which  were  observed  throughout  the  initial  treatability  study 
may  have  been  due  to  the  initiation  of  the  study.  In  other  words,  the  effect  of  a  preferential  flow 
path  would  be  less  significant  over  a  12  day  period  since  raised  concentrations  would  still  exist 
in  the  subsurface  as  opposed  to  the  effect  during  continual  operation  over  several  months 
(sufficient  contaminant  mass  should  exist  to  maintain  steady  removal  rates  over  a  short 
duration).  By  monitoring  the  VOC  removal  rates  during  a  full-scale  implementation,  the 
AAS/SVE  system  could  be  turned  on  and  off  on  a  regular  basis  (i.e.,  pulsed)  in  order  to  allow 
for  a  re-equilibration  of  the  aquifer.  It  is  anticipated  that  the  cycling  of  flow  channel  formation 
and  collapse  would  be  likely  to  maintain  higher  contaminant  removal  rates.  However,  based  on 
the  removal  rates  observed  during  extended  pilot  study,  it  is  not  clear  whether  pulsing  would 
increase  the  removal  efficiency  to  a  sufficient  degree  for  the  long-term  operation  of  an 
AAS/SVE  system. 
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FIGURE  5.4-1  TOTAL  VOC*  EMISSION  RATE 

Extended  AAS-SVE  Pilot  Test 
Dover  AFB,  Site  SS59,  June  94  to  January  95 
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From  the  removal  rate  data,  the  total  mass  of  VOCs  which  were  extracted  by  the  AAS/SVE 
system  was  calculated  as  a  means  of  estimating  the  mass  volume  of  VOCs  which  were  removed 
from  below  the  water  table  at  Site  SS59.  The  total  mass  removed  was  estimated  through  a 
summation  of  a  step-wise  change  in  offgas  concentration  between  each  of  the  fourteen  offgas 
sampling  events.  As  summarized  in  Table  5.4-1,  an  estimated  total  of  10.2  lb  of  the  primary 
VOCs  was  removed  over  the  extended  pilot  test  (all  attributable  to  ECD  VOCs).  During  the 
AAS/SVE  Treatability  Study  (EA,  1994b)  an  estimated  6.32  lbs  of  ECD  VOCs  and  2.58  lbs  of 
FID  VOCs  were  extracted  by  the  AAS/SVE  system.  Thus,  an  estimated  total  of  19. 1  lbs  of 
VOCs  has  been  removed  from  Site  SS59  between  the  AAS/SVE  Treatability  Study  and  the 
extended  pilot  study.  As  estimated  during  the  FS  (EA,  1994a),  approximately  34.1  lbs  of 
aqueous-phase  VOCs  are  present  within  50  ft  of  the  sparge  well.  Although  some  of  the  total 
mass  can  be  attributed  to  contaminants  which  were  initially  present  within  the  soil  gas,  the  19.1 
lbs  which  have  been  removed  represent  a  substantial  influence  by  AAS/SVE. 

5.4  OFFGAS  TREATMENT 

Under  the  DNREC  criterion,  emission  of  SVE  offgas  VOCs  is  currently  regulated  to  a  level  of 

2.4  lb/day  in  offgases.  Final  stage  GAC  columns  are  common  additions  to  SVE  systems  for  the 
removal  of  offgas  VOCs.  GAC  treatment  is  a  proven  method  for  the  removal  of  organics  from 
both  aqueous  and  gaseous  phases.  The  strong  sorption  characteristics  and  the  surface  area 
available  for  adsorption  provide  a  means  for  removing  large  quantities  of  organics  from 
contaminated  air  flows.  Additionally,  GAC  treatment  is  highly  implementable  since  it  can  be 
added  directly  onto  existing  SVE  systems  using  commercially  available  equipment. 

In  order  to  meet  the  DNREC  regulations,  two  GAC  canisters  (manifolded  in  series)  were  used 
during  the  pilot  study  to  treat  the  offgas  from  the  SVE  system.  The  discharge  rate  of  VOCs  was 
monitored  onsite  using  a  field  GC.  In  general,  the  samples  which  were  collected  from  points 
following  GAC  treatment  were  non-detect  for  the  primary  VOCs  (Table  4.4-1).  Total  emission 
rates  from  the  AAS/SVE  system,  as  determined  from  the  three  samples  which  had  detectable 
concentrations  of  VOCs,  are  presented  in  Table  B.5-2  (Appendix  B).  The  maximum  observed 
mass  flow  rate  for  VOCs  which  were  vented  to  the  atmosphere  was  0.096  lb/d.  This  was  largely 
attributable  to  an  elevated  concentration  of  BTEX  compounds  (3.7  ppmv)  in  an  offgas  sample 
collected  on  8  July  1994.  This  sample  should  be  considered  unrepresentative  of  the  typical 
offgas  VOC  concentrations  since  BTEX  compounds  have  been  predominantly  non-detect 
throughout  the  extended  pilot  study  (including  in  other  offgas  samples  taken  that  same  day). 

Although  offgas  VOC  concentrations  were  well  below  the  DNREC  criterion,  full-scale  SVE 
systems  still  may  employ  final  stage  GAC  columns  as  a  precautionary  measure.  Continued 
monitoring  of  the  offgases  prior  to  and  after  GAC  treatment  will  indicate  whether  this 
"polishing"  process  will  need  to  remain  on-line  at  all  times.  If  necessary,  the  activated  carbon 
column  can  undergo  continual  use  until  saturation,  or  breakthrough,  occurs.  At  this  point,  the 
activated  carbon  must  either  be  regenerated  through  a  process  of  steam  treatment  or  disposed  as 
a  hazardous  waste. 
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Table  5.4-1 


Estimated  Total  VOC  Mass  Removal  from  the  Pilot  AAS/SVE  System 
at  Site  SS59,  Dover  AFB,  Delaware 


isil! 


Date 


Removal  Rate 
(Ib/d) 


Interval 

(days) 


|3) 

rime-Welghte 

Interval 
(2ytotal  days 


nme-Welghte 

Removal  Rate 

(1x3)flb/ti) 


Mass  Removed 


(6) 


Area  1  &  2  Pilot  Tests(a) 


25  AUG  to  29  OCT  93 


8.9 


Begin  Extended  Test 
First  Offgas  Sampling 


down-time  (repair) 
down-time  (repair) 

gw  sampling 
(linear  decrease)  (d) 


down-time  (repair) 
tracer  study 
down-time  (repair) 


|gw  sampling 
End  Extended  Test 


(10  JUNE  94) (b) 
16  JUNE  94 
28  JUNE  94 
8  JULY  94  (c) 
27  to  29  JULY  94 
4  AUG  94 
4  to  8  AUG  94 
18  AUG  94 
1  SEP  94 
22  SEP  94 
7  OCT  94 
7  to  13  OCT  94 

13  OCT  94 
(20  OCT  94) 
27  OCT  94 

14  NOV  94 

1  to  14  DEC  94 
14  to  21  DEC  94 
6  to  9  JAN  95 
9  JAN  95  (f) 
23  JAN  95  (f) 
23  to  25  JAN  95 
25  JAN  95  (i) 


0.0273 

0.0273 

0.0094 

0.0242 

0.0000 

0.0119 

0.0000 

0.0556 

0.0329 

0.0058 

0.0392 

0.0000 

0.5350 

0.2880 

0.0410 

0.0232 

0.0000 

0.0000 

0.0000 

0.0333 

0.0034 

0.0000 

0.0113 


6 

12 

10 

25 

2 

10 

4 

14 
21 

15 
1 
6 
7 
7 
18 
33 

13 
7 
3 

14 
1 
2 
1 


0.031 

0.062 

0.051 

0.128 

(e) 

0.051 

(e) 

0.072 

0.108 

0.077 

0.005 

(e) 

0.036 

0.036 

0.092 

0.169 

(e) 

(e) 

(e) 

0.072 

0.005 

(e) 

0.005 


0.0008 

0.0017 

0.0005 

0.0031 

0.0000 

0.0006 

0.0000 

0.0040 

0.0035 

0.0004 

0.0002 

0.0000 

0.0192 

0.0103 

0.0038 

0.0039 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0001 

0.05 


0.1638 

0.3276 

0.0940 

0.6050 

0.0000 

0.1190 

0.0000 

0.7784 

0.6909 

0.0870 

0.0392 

0.0000 

3.7450 

2.0160 

0.7380 

0.7656 

0.0000 

0.0000 

0.0000 

0.0000 

0.0034 

0.0000 

0.0113 

10.2 


(7) 


J± 


1.000 


I  Avq.  Removal  Rate  = 

0.05  Ib/d 

tt  Total  Mass  Removed  = 

19.1  lb 

19.1 


(a)  -  From  the  previous  pilot  test  performed  June  to  November  1993  (EA,  1994b). 

(b)  -  Assumed  the  mass  removal  rate  to  be  the  same  as  what  was  observed  on  1 6  June  1 994. 

(c)  -  Estimated  mass  removal  (based  upon  a  mass  balance  of  the  individual  vent  well  concentrations). 

(d)  -  The  data  collected  from  the  1 3  October  1 994  sampling  event  was  considered  to  be 
atypical  of  the  mass  removal  rate  of  the  AAS/SVE  system.  Therefore,  a  linear 
decrease  in  the  concentration  was  used  to  estimate  the  removal  during  that  time  interval. 

(e)  -  Days  during  down-time  are  not  included  in  the  time-weighted  calculation.  The  AAS/SVE 
system  was  in  operation  for  a  total  of  195  days. 

(f)  -  During  this  period,  only  AAS-1  was  in  operation. 
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5.5  DEGREE  OF  GROUND-WATER  REMEDIATION 

Tables  4.3-1  through  4.3-3  summarized  the  ground-water  data  for  total  VOCs  in  the  AAS  test 
wells,  the  shallow  and  deep  monitoring  points,  and  the  direct  push/geoprobe  monitoring  points 
during  the  three  ground-water  sampling  events  at  Site  SS59.  Reductions  in  the  concentrations 
for  the  primary  COCs  were  observed  in  both  of  the  sparge  wells  (97.2  and  35.7%  reduction  in 
Test  Areas  1  and  2,  respectively).  This  was  to  be  expected  due  to  the  effect  of  direct  sparging 
within  that  area.  Within  the  45  ft.  ROI  of  both  test  areas,  decreases  in  total  VOC  concentrations 
(between  the  initial  and  final  sampling  events  for  the  primary  COCs)  were  observed  in  27%  and 
43%  of  the  shallow  and  deep  monitoring  points,  respectively  (Table  5.5-1).  Decreases  also  were 
observed  in  2  of  the  5  (40%)  direct  push/geoprobe  monitoring  points  (only  5  of  the  12  direct 
push/geoprobe  data  sets  allowed  for  comparison  due  to  differences  in  sample  depths  or  probes 
not  sampled  during  the  final  sampling  event). 

As  discussed  in  Section  4.3.3,  the  increases  which  were  observed  in  ground-water  VOC 
concentrations  (in  64%  and  43%  of  the  shallow  and  deep  monitoring  wells,  respectively,  still 
represent  a  beneficial  and  necessary  aspect  of  ground-water  remediation  via  AAS/SVE.  The 
solubilization  or  desorption  of  adsorbed-phase  contaminants  resulting  from  increased  circulation 
of  ground  water  following  air  injection  would  be  a  necessary  first  step  in  order  to  allow  for 
subsequent  volatilization  to,  and  removal  from,  the  vadose  zone.  Increases  in  ground-water 
VOC  concentrations  also  confirm  that  sparging  is  effective  for  influencing  the  aquifer  at  a 
distance  from  the  point  of  injection.  By  optimizing  the  system  operational  parameters  and 
injecting  more  air  through  the  aquifer  (through  the  installation  of  additional  sparge  wells),  the 
removal  of  the  aqueous  phase  VOCs  would  be  enhanced. 

The  higher  concentrations  which  were  observed  in  AAS-2  as  compared  to  AAS-1  were  to  be 
expected  (and  do  not  represent  a  reduced  effect  of  sparging  in  Test  Area  2)  since  AAS-2  was  not 
in  operation  for  the  final  month  of  the  test  in  order  to  increase  injection  flow  rates  into  Test  Area 
1  (which  had  higher  concentrations  of  COCs).  Increasing  injection  flow  rates  into  AAS-1  did 
not  appear  to  enhance  removal  in  this  area.  It  is  likely  that,  in  order  to  enhance  VOC  removal 
from  the  saturated  zone,  a  better  spatial  distribution  of  sparge  wells  (i.e.,  additional  sparge  well 
locations  and  varied  depths  of  sparging),  and  a  more  dynamic  operation  of  the  AAS/SVE  system 
(i.e.,  pulsing),  would  be  more  beneficial  than  increased  flow  rates  alone. 

The  mechanisms  by  which  VOCs  are  removed  from  the  saturated  zone  are  dominated  by  phase 
transfer  from  the  adsorbed  and  dissolved  phases  to  the  vapor  phase.  During  AAS,  phase 
disequilibrium  is  purposely  enacted  so  that  source  VOCs  (i.e.,  dissolved-phase  or  adsorbed 
VOCs)  may  seek  to  achieve  phase  equilibrium  with  the  "clean"  ambient  air.  Possible 
explanations  which  may  describe  the  factors  responsible  for  the  increases  in  total  VOC 
concentrations  in  ground  water  during  active  AAS  include: 

•  The  process  of  mass  transfer  for  contaminants  from  the  adsorbed  phase  to  the  dissolved 
phase  within  the  saturated  zone  occurs  due  to  the  introduction  of  sparged  ambient  air 
(which  disrupts  phase  equilibrium  and  creates  a  transient  net  increase  in  the  dissolved- 
phase  component).  In  this  case,  the  concentrations  of  dissolved-phase  VOCs  will  slowly 
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Table  5.5-1  Changes  in  Ground-Water  VOC  Concentrations  within  the  45  ft  ROI 
Dover  AFB  Site  SS59  Extended  AAS/SVE  Pilot  Study 


■  :  Pin  ma-i-m  1 1  w  re.  a-a  1 

DMW45-1 

1 

DMW45-2 

1 

DMW45-1P 

1 

DMW45-2P 

1 

SMW45-1 

1 

SMW45-2 

1 

SMW45-1P 

1 

SMW45-2P 

NA  NA  NA 

DMW25-1 

1 

DMW34-2P 

1 

DMW25-1 P 

1 

SMW34-2P 

1 

SMW25-1 

1 

DMW20-2 

1 

SMW25-1P 

1 

SMW20-2 

1 

DMW10-1 

1 

DMW10-2 

1 

DMW10-1P 

1 

DMW10-2P 

1 

SMW10-1 

1 

SMW10-2 

1 

SMW10-1P 

1 

SMW10-2P 

1 

AAS1 

1 

AAS2 

1 

TOTAL 

4  2  7 

5  1  6 

notes:  "No  Change"  indicates  initial  and  final  VOC  concentrations  within  5%. 

VOC  changes  (%)  observed  at  the  monitoring  points  are  presented  in  Tables  4.3-1  to  4.3-3. 


Overall  SUMMARY  of  Ground-Water  Results  within  the  45  ft  ROI 


Distance 

#  decrease  #  same  #  increase 

■ay  nz  1 1 1 1 -MVfi  1 1  m  refti j 

45  ft 

20-34  ft 

10ft 

Oft 

2  1  4 

1  1  6 

4  1  3 

2  0  0 

29%  14%  57% 

13%  13%  75% 

50%  13%  38% 

100%  0%  0% 

TOTAL 

9  3  13 

36%  12%  52% 

SUMMARY  (Shallow  Monitoring  Wells) 


#  decrease  #same  #  increase  | 

■ 

1 

1 1 

33%  0%  67% 

0%  25%  75% 

50%  0%  50% 

I  TOTAL 

3  1  7 

27%  9%  64% 

SUMMARY  (Deep  Monitoring  Wells) 


#  decrease  #  same  » increase 

45  ft 

20-34  ft 

10ft 

Oft 

1  1  2 

1  0  3 

2  1  1 

2  0  0 

25%  25%  50% 

25%  0%  75% 

50%  25%  25% 

100%  0%  0% 

TOTAL 

6  2  6 

43%  14%  43% 
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decrease  as  the  VOC  source  is  diminished.  Such  an  effect  is  more  prominent  in  regimes 
containing  a  large  adsorbed-phase  component  within  the  saturated  zone. 

•  The  increase  in  total  VOCs  were  a  result  of  desorption  of  VOCs  from  the  adsorbed  phase 
into  the  aqueous  phase.  Enhanced  or  increased  sparging  was  required  to  volatilize  these 
aqueous-phase  contaminants. 

•  The  increase  in  total  VOCs  observed  at  a  distance  are  the  result  of  a  "push"  of  the 
dissolved-phase  plume  laterally  (or  vertically  upward)  away  from  the  point  of  air 
injection. 

It  is  likely  that  the  concentration  increases  which  were  observed  in  several  of  the  monitoring 
wells  may  have  been  due  to  mobilization  of  the  COCs  via  desorption  from  subsurface  soils.  If 
the  concentration  increases  could  not  be  attributed  to  mobilization  via  phase  transfer  from  a  non- 
aqueous  source,  then  the  increases  which  were  observed  at  a  distance  may  have  been  due  to 
plume  migration  away  from  the  point  of  air  injection.  Here,  the  effect  of  ground-water 
redistribution  within  the  aquifer  would  be  greater  than  the  effect  of  drawing  the  aqueous-phase 
contaminants  in  the  vapor  phase  (and  thereby  carried  into  the  vadose  zone  to  be  removed  by 
SVE).  Full-scale  implementation  of  an  AAS/SVE  system  will  involve  the  installation  of  several 
sparge  wells;  thus,  by  encompassing  the  entire  area  of  concern,  the  injection  of  air  will  act  to 
force  the  vertical  migration  of  contaminants  in  the  gas  phase  into  the  SVE  removal  zone.  Some 
of  the  increases  observed  in  the  deep  wells  can  be  largely  attributed  to  the  increases  in 
concentrations  of  methylene  chloride.  This  compound  was  non-detect  in  the  samples  collected 
from  the  deep  monitoring  wells  during  the  initial  sampling  event  (however,  methylene  chloride 
was  detected  in  DGP-1  (1 13  pg/L)  and  DGP-2  (41  pg/L)  during  this  sampling  event).  During 
the  final  sampling,  most  of  the  samples  from  the  deep  wells  had  concentrations  of  methylene 
chloride  in  excess  of  100  pg/L  (up  to  1,670  pg/L  in  DMW45-2P).  Thus,  it  may  be  possible  that 
the  operation  of  the  AAS/SVE  system  mobilized  this  compound  through  increased  advection  due 
to  changes  in  ground-water  movement.  Methylene  chloride  is  a  highly  volatile  and  soluble 
compound  which  does  not  adsorb  well  to  sandy  soils  (Handbook  of  Environmental  Fate  and 
Exposure  Data  for  Organic  Compounds,  1990).  Therefore,  it  is  likely  that  changes  in  the  air  and 
ground-water  advective  forces  affected  a  previously  untouched,  more  contaminated  interval  of 
the  aquifer  (as  opposed  to  a  mobilization  following  desorption). 

The  differences  between  the  initial  and  final  ground-water  data  are  plotted  with  respect  to 
distance  from  the  point  of  injection  in  Figures  5.5-1  through  5.5-8.  In  both  test  areas,  variable 
increases  and  decreases  were  observed  in  total  VOC  concentrations  in  the  deep  monitoring  wells 
which  are  aligned  parallel  to  ground-water  flow  (Figures  5.5-3  and  5.5-7).  In  the  deep 
monitoring  wells  aligned  perpendicular  to  ground-water  flow  (Figures  5.5-4  and  5.5.8),  the  total 
ground-water  VOC  concentrations  were  observed  to  increase  in  both  test  areas.  During  the 
tracer  study  (Appendix  A),  more  influence  from  the  sparge  wells  was  observed  in  the 
perpendicular  direction  at  higher  injection  flow  rates.  This  may  support  the  possible  explanation 
of  greater  desorption  and  solubilization  from  the  subsurface  soils  due  to  AAS.  However, 
insufficient  air  flow  was  available  to  volatilize  the  contaminants  from  solution,  and  it  is  likely 
that  the  air  sparging  through  the  subsurface  was  already  contaminated  thereby  limiting  the 
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Figure  5.5-1  Change  in  Total  GW  VOCs 

Test  Area  1  -  SMW  -  Parallel 
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Figure  5.5-2  Change  in  Total  GW  VOCs 

Test  Area  1  -  SMW  -  Perpendicular 


Figure  5.5-3  Change  in  Total  GW  VOCs 

Test  Area  1  -  DMW  -  Parallel 
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Figure  5.5-4  Change  in  Total  GW  VOCs 

Test  Area  1  -  DMW  -  Perpendicular 


Figure  5.5-5  Change  in  Total  GW  VOCs 

Test  Area  2  -  SMW  -  Parallel 
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Figure  5.5-6  Change  in  Total  GW  VOCs 

Test  Area  2  -  SMW  -  Perpendicular 
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Figure  5.5-7  Change  in  Total  GW  VOCs 

Test  Area  2  -  DMW  -  Parallel 
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Figure  5.5-8  Change  in  Total  GW  VOCs 

Test  Area  2  -  DMW  -  Perpendicular 
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driving  force.  The  increases  may  still  represent  a  beneficial  effect  of  AAS/SVE  operation. 

Aside  from  volatilization,  the  influence  of  the  AAS  well  can  act  to  displace  ground  water.  The 
increase  in  ground-water  velocity  will  increase  the  rate  of  VOC  desorption  from  subsurface 
soils.  Similarly,  the  instigation  of  ground-water  movement  can  increase  the  influence  of 
sparging  into  areas  of  the  aquifer  which  may  not  receive  significant  air  flow.  The  solubilization 
or  desorption  of  non-aqueous-phase  VOCs  is  a  necessary  first  step  in  the  application  of  an 
AAS/SVE  system.  The  placement  of  additional  sparge  wells  is  anticipated  to  increase  the 
removal  rate  of  the  aqueous-phase  contaminants  by  providing  the  additional  air  flow  which  is 
necessary  to  promote  mass  transfer  to  the  vapor  phase. 

With  respect  to  the  shallow  monitoring  wells,  consistent  reductions  of  the  total  VOC 
concentrations  were  observed  in  the  perpendicular  direction  in  Test  Area  2  (69. 1%  to  89.6% 
reductions)  in  three  wells.  This  influence  was  observed  up  to  75  ft  from  AAS-2.  Only  the 
shallow  monitoring  well  at  1 0  ft  showed  a  decrease  in  the  parallel  direction.  This  effect  was  not 
observed  in  Test  Area  1  (with  reductions  only  at  10  ft  from  AAS-2)  and  may  have  indicated  that 
preferential  flow  channels  toward  SVE2  were  created  in  the  perpendicular  direction  of  the 
vadose  zone.  Additional  total  VOC  reductions  were  observed  in  SMW45-1  (36.8%),  SMW10-2 
(44.2%),  DP-6  (36.0%),  and  DP-12  (71.4%).  The  reduction  observed  at  the  DP-6  location 
agrees  with  the  data  collected  from  the  other  shallow  monitoring  wells  in  the  perpendicular 
direction  of  Test  Area  2.  The  reductions  in  DP-12  and  SMW10-2  may  have  been  attributed  to 
their  proximity  to  the  sparge  and  vent  wells. 

Remediation  goals  for  Site  SS59  have  been  established  to  achieve  a  90%  reduction  (or  reaching 
an  asymptotic  removal  plateau)  in  the  primary  chlorinated  VOCs  in  ground  water  (based  upon  an 
average  of  VOC  concentrations  presented  in  the  Post  Closure  Permits).  Over  the  duration  of  the 
extended  pilot  study,  a  90%  reduction  was  observed  in  three  of  the  monitoring  points  (DMW10- 
1,  AAS-1,  and  SMS34-2P).  The  changes  observed  in  the  individual  VOC’s  in  each  of  the 
monitoring  wells  are  summarized  in  Appendix  F,  Table  F.4-9.  The  90%  remediation  goal  for 
total  VOC  concentrations  is  based  upon  seven  ethylene-based  VOCs  (EA,  1994c).  The  total 
ground-water  VOC  concentrations  presented  in  Table  F.4-9  are  based  upon  a  slightly  different 
set  of  compounds  and,  therefore,  can  only  be  used  as  a  qualitative  approximation  of  the  degree 
of  remediation  for  total  VOCs. 

5.6  TIMEFRAME  FOR  CLEAN-UP 

Based  upon  the  results  of  the  extended  treatability  study  and  the  system  performance  evaluation, 
as  determined  during  the  tracer  gas  injection  study  presented  in  Appendix  A  and  Chapter  6,  the 
estimated  timeframe  to  remediate  Site  SS59  has  been  calculated.  The  timeframe  for  the 
AAS/SVE  system  to  remediate  the  site  was  determined  by  a  number  of  factors: 

1 .  The  estimated  total  mass  of  the  contaminants  in  the  vadose  and  the  saturated  zones  within 
the  site; 

2.  The  number  of  the  AAS  and  SVE  wells  to  be  installed  at  the  site  and  operational 
conditions  for  the  system; 

3.  The  VOCs  mass  removal  rate  for  each  well; 
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4.  The  rate  of  contaminant  desorption  from  the  soil  particles  was  determined  by  subsurface 
characteristics  such  as  organic  carbon  content,  soil  particle  size,  soil  structure,  and 
ground-water  flow  velocities.  For  example,  contaminants  can  be  released  from  soil  in  a 
shorter  period  of  time  when  the  ground-water  velocity  is  high.  Additionally,  when  the 
organic  carbon  content  of  soil  is  higher,  a  greater  percentage  of  contaminants  will  exist  in 
an  adsorbed  phase,  and  they  will  take  a  longer  period  of  time  to  be  released  from  the  soil. 

5.  The  natural  reduction  of  the  contaminants  due  to  the  biodegradation,  chemical 
transformation,  and  decay  processes. 

Site  SS59  is  now  defined  as  the  area  south  of  the  maintenance  area  fence  that  is  surrounded  by 
4th,  5th,  and  Evreux  Streets.  Within  these  borders,  the  area  of  attainment  has  been 
approximated  as  66,700  sq  ft.  This  consists  of  the  area  that  is  covered  by  the  layout  of  the 
AAS/SVE  wells  as  shown  in  Figure  5.6-1.  For  the  site,  the  maximum  concentration  of  total 
VOCs  (8,014  pg/L  at  well  DMW-45-2P)  found  during  the  latest  ground-water  sampling  event 
was  used  as  the  concentration  requiring  remediation  throughout  Site  SS59.  The  data  for  the 
sampling  event  is  presented  in  Appendix  F,  Table  F.4-6.  This  provides  a  conservative  basis  for 
the  total  mass  present  at  the  site  since  the  next  highest  measured  concentrations  for  total  VOCs 
was  3,435  pg/L.  The  actual  layout  of  the  system  should  be  based  upon  a  round  of  predesign 
ground-water  sampling. 

To  date  there  is  no  documented  standard  procedure  to  determine  the  timeframe  for  ground-water 
cleanup  using  an  AAS/SVE  system,  since  this  is  a  relatively  new  and  innovative  ground- water 
treatment  method  and  the  subsurface  processes  that  are  occurring  are  not  fully  defined. 

However,  it  is  anticipated  approximately  six  years  will  be  needed  to  clean  up  Site  SS59  by 
AAS/SVE.  This  timeframe  is  based  on  the  VOC  mass  removal  rate  of  extraction  wells,  the 
number  of  wells,  the  total  VOC  mass  within  the  site,  and  that  no  VOC  contamination  will  be 
entering  the  site  from  outside  of  Site  SS59  (Appendix  B).  The  ROI  of  the  AAS  and  SVE  wells, 
and  thus  the  number  of  wells  required,  was  based  on  results  from  the  extended  treatability  study. 
This  data  was  then  used  to  estimate  the  timeframe  required  to  cleanup  Site  SS59.  Another 
conservative  factor  was  utilized  in  that  the  six  year  cleanup  timeframe  was  based  on  removing 
the  entire  mass  of  VOCs  calculated  to  be  present.  However,  the  cleanup  criteria  for  Site  SS59  is 
90  percent  removal  criteria  for  chlorinated  organics. 

As  discussed  above,  there  are  five  major  factors  influencing  the  timeframe  for  site  cleanup.  The 
factors  utilized  follow: 

•  The  total  VOC’s  mass  needed  to  be  removed  was  computed  based  on  the  known  COC 
distribution  in  both  vertical  and  horizontal  directions.  For  Site  SS59,  a  very  conservative 
scenario  was  used. 

•  The  number  of  wells  needed  was  determined  by  the  size  of  the  site  and  the  effective  ROI 
of  the  AAS  well. 

•  The  results  from  the  extended  AAS/SVE  pilot  study  was  used  to  predict  the  relationship 
between  the  mass  removal  rate  and  the  operational  time.  It  was  assumed  that  the 
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operational  conditions  which  were  observed  during  the  extended  pilot  study  will  persist 
over  the  estimated  time  frame  for  remediation. 

•  The  rate  of  contaminant  desorption  from  the  soil  particles  was  based  on  instantaneous 
equilibrium  between  the  solute  (COC)  and  soil  particles,  and  it  is  assumed  that  there  are 
no  other  sources  of  contaminants  from  the  outside  of  Site  SS59. 

•  The  natural  reduction  of  the  VOCs  was  ignored  in  this  analysis. 

Based  upon  the  above  information,  the  timeframe  for  remediation  was  tentatively  predicted 
(Appendix  B).  Due  to  the  complexity  of  the  conditions  of  the  site  and  the  amount  of 
information  known  at  this  time,  the  timeframe  given  in  this  report  is  the  best  estimate  that  can  be 
made  since  there  is  not  an  extensive  database  of  long-term  operational  data  at  existing  AAS/SVE 
sites  to  draw  upon  from  the  literature.  It  must  be  noted  that  the  average  removal  rate  over  the 
extended  AAS/SVE  study  may  not  be  able  to  be  sustained  over  time,  and  thus  the  six  year 
timeframe  for  cleanup  may  be  extended. 

5.7  SYSTEM  CONFIGURATION 

The  number  of  wells  for  the  proposed  AAS/SVE  system  was  chosen  based  upon  the  ROI  which 
was  estimated  during  the  extended  pilot  study.  The  system  configuration  was  selected  in  order 
to  incorporate  as  many  of  the  existing  wells  as  possible.  Equipment  specifications  were  based 
upon  those  presented  in  the  FS  for  the  site  (EA,  1994a).  Further  design  of  the  proposed,  full- 
scale,  AAS/SVE  system  would  be  performed  as  part  of  the  Remedial  Design  phase  of  the  IR 
Program  should  the  system  be  implemented.  System  components  and  specifications  for  the 
AAS/SVE  system  for  Site  SS59  consist  of  the  following:  AAS  wells  (10  cfm/each),SVE  wells 
(30  cfm/EA),  air  sparging  blowers  (150  cfm/each),  vapor  extraction  pumps  (450  scfm/each), 
air/water  separators  (105  gal/each),  carbon  adsorption  system,  and  piping  system.  In  the  present 
scenario,  two  existing  wells,  DMW75-1P  and  DMW75-1,  will  be  modified  for  use  as  AAS 
wells,  together  with  the  existing  air  sparging  wells  AAS-1  and  AAS-2.  The  two  existing  soil 
vapor  extraction  wells,  SVE-1  and  SVE-2,  will  also  be  used.  The  existing  monitoring  wells 
could  be  converted  into  AAS  or  SVE  wells  through  a  modification  of  the  well  head  (Figure  3.1- 
3)  and  the  placement  of  additional  manifold  piping.  The  well  risers  and  screened  intervals 
would  not  require  modification.  This  scenario  will  require  the  installation  of  7  new  air  sparging 
wells  and  9  new  SVE  wells.  The  same  number  of  SVE  wells  as  AAS  wells  has  been  utilized  to 
provide  for  the  capture  of  VOC  migration  from  the  perimeter  of  the  site.  The  system  is  planned 
to  operate  and  be  monitored  for  approximately  6  years.  The  monitoring  program  will  continue 
to  be  implemented  from  years  7  through  12.  For  system  monitoring,  ground-water  VOC 
sampling  and  analysis  (2  times/year)  is  recommended  since  the  performance  of  the  AAS  wells 
needs  to  be  monitored  to  determine  the  operating  characteristics.  Based  on  the  initial  operations, 
the  configuration  of  the  number  of  wells  in  operation  and  the  operating  parameters  may  be 
modified  periodically.  During  the  system  design,  a  few  of  the  existing  shallow  wells  where 
higher  VOC  concentrations  are  found  (e  g.  SMW34-2P)  should  be  connected  to  the  system  to 
allow  for  periodic  use.  Sparging  in  both  the  shallow  and  deep  aquifer  should  act  to  enhance 
removal  rates  in  that  portion  of  the  aquifer  (Hoag,  1995). 
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5.8  COST  ANALYSIS 


The  total  costs  for  implementing  the  AAS/SVE  system  at  Site  SS59  have  been  estimated.  The 
capital  costs  include  the  AAS  wells,  SVE  wells,  air/water  separators,  air  sparging  blowers,  vapor 
extraction  pumps,  piping  system,  and  carbon  adsorption  system.  The  operation  and  maintenance 
costs  associated  with  this  alternative  include  periodic  replacement  of  the  pumps,  blowers,  and 
the  GAC  replacement  and  regeneration.  The  monitoring  costs  associated  with  this  alternative 
include  the  sampling  of  12  ground-water  wells  existing  at  the  site,  and  the  analysis  of  the  VOC 
concentrations  of  the  offgas  treatment  system.  See  Table  5.8-1  A  through  5.8-1C  for  an  estimate 
of  the  costs  incurred  by  implementation  of  the  AAS/SVE  system.  As  compared  to  the  other 
remedial  alternatives  which  were  developed  for  the  site  during  the  FS  (EA,  1994a),  AAS/SVE  is 
a  more  cost  effective  option  with  respect  to  the  total  mass  of  COC’s  to  be  removed  (Appendix 
B).  However,  in  comparison  to  intrinsic  bioremediation,  as  proposed  in  the  Proposed  Plan  for 
Target  Area  1  of  Area  6  in  the  West  Management  Unit,  the  present  worth  costs  for  active 
AAS/SVE  would  be  substantially  more.  Details  are  presented  in  the  Proposed  Plan  and  in  the 
Draft-Final  Area  6  Focused  Feasibility  Study  Report,  Dover  Air  Force  Base  (Dames  &  Moore, 
1995). 

Assuming  continued  operation  under  identical  rates  of  contaminant  removal  (c.g.,  offgas 
concentrations,  desorption  rates),  it  is  anticipated  that  approximately  six  years  will  be  required  to 
achieve  remedial  goals  using  an  expanded  system  of  a  total  of  eleven  AAS  and  SVE  wells. 

Under  this  scenario,  the  estimated  present  worth  cost  over  1 1  years  for  implementation  (6  years) 
and  long-term  monitoring  (5  years)  of  the  expanded  system  is  $1,690,000.  This  consists  of 
$390,000  in  capital  costs  and  $231,000  in  annual  operation,  maintenance,  and  monitoring  costs 
for  years  1  to  6  and  $39,000  in  annual  monitoring  costs  for  years  7  to  1 1  of  the  system. 

However,  the  degree  of  flow  channeling  at  the  site  and  the  variable  trends  observed  during  this 
study  suggest  that  an  expanded  system  may  not  be  able  to  maintain  these  conditions  in  order  to 
ensure  remediation  within  six  years.  The  time  estimate  was  based  on  the  average  removal  rate, 
however,  these  removal  rates  may  not  be  able  to  be  sustained,  and  thus,  the  six  year  timeframe 
may  be  extended. 
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Table  5.8-1  A.  Preliminary  Estimate  of  Capital  Costs  for 
Aquifer  Air  Sparging/Soil  Vapor  Extraction  at  Site  SS59* 


■  1 

Air  Sparging  Well 
depth:  45  ft 
diameter:  2  in 

10  cfm/EA 

QUANTITY 


:,v 


UNIT  COST 


TOTAL 


$2,700 


$18,900 


Vapor  Extraction  Well 
depth:  9  ft 
diameter:  2  in 
30  cfm/EA 


$540 


$4,900 


Air/Water  Separator 
105  gal/EA 


$2,150 


Air  Sparging  Blowers 
150  cfm/blower  50  Hp 


$6,000 


$4,300 


$12,000 


Vapor  Extraction  Pumps 
450  scfm  25  Hp 


$6,500 


$13,000 


Piping 

4  in  PVC  header  pipe 
2  in  PVC  well  lines 
valves,  fittings,  meters 


1250  LF 
510  LF 
LS 


$18/LF 

$14/LF 

LS 


$22,500 

$7,140 

$50,000 


GAC  Offgas  Treatment 
GAC  treatment  Unit 

One  time  non  RCRA  GAC  acceptance  fee 
One  time  RCRA  GAC  acceptance  fee 
Piping  (10  %  of  component-1  unit) 
Electricity  (10  %  of  component-1  unit) 
Instrumentation  (5  %  of  component-1  unit) 
Site  preparation  (5%  of  compenent-1  unit) 


$14,480.00 


10.00% 

10.00% 

5.00% 

5.00% 


Electrical  (circuit  breaker,  panel,  drop,  etc.) 


LS 


LS 


Concrete 


1000  CF 


$7.5/CF 


$29,000 

$400 

$2,500 

$2,900 

$2,900 

$1,500 

$1,500 


$30,000 


$7,400 


Building 


LS 


LS 


$30,000 


it 


Mobilization/Demobilization 


LS 


LS 


$10,000 


SUBTOTAL 


$250,800 


Construction  Management, 
and  Site  Services 


10% 


$25,000 


Implementation  and  Design 


22% 


$55,000 


Contingency 


25% 


$63,000 


TOTAL  CAPITAL  COST 


$390,000 


The  cost  estimation  is  based  on  a  45  ft  radius  of  influence  for  AAS  wells. 
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I  Table  5.8-1  B.  Preliminary  Estimate  of  Operation  and  Maintenance  Costs 
for  AAS/SVE  Treatment  at  Dover  AFB 


Years:  1  to  6 


itnm-  ~  -hi 

ANNUAL  COST 

Replacement  Parts 

|| 

-  Pumps  1/every  other  year 

$3,300 

-  Blowers  1 /every  other  year 

pMMMj  Carbon  Usage  (2  canisters) 

$9,000 

System  Maintenance 

BlpB^  -  2  persons,  1  day/week  @  labor  rate  =  $60/hr 

$49,900 

pBIBliliiBI  Monitoring  and  Analysis 

VOC  Analysis 

Pesticides  Analysis* 

HSHH|H  Metals  Analysis* 

Semi-VOCs  (Phenols),  Acid  Extractables 

$2,900 

VOC  Gas  Samples 

$2,800 

Offgas  Sample  after  GAC 

$14,000 

|il|l||  Sampling  and  Reporting 

$17,000 

Electricity 

§4;||fp|^  -  Air  Sparging  Blowers  (2  @  50  Hp/EA) 

$65,700 

pi^P^yfi  -  Vacuum  Pumps  (2  @  25  Hp/EA) 

$33,000 

Treatment  of  Groundwater  from  the  A/W  Separator 
l3^lliSf!  $1 .5/gal/day  at  20  gal/day 

$11,000 

$231,000 

*As  required  by  Post  Closure  Permit  criteria. 


Table  5.8-1  C.  Preliminary  Estimate  of  Sampling  and  Analysis 
Costs  for  Post-Closure  Monitoring  for  AAS/SVE 

Years:  7  to  1 1 


DESCRIPTION 

ANNUAL  COST 

|  ,  1 

VOC  Sampling/Analysis 

12  wells  @  2  samples/yr 

Method  8240 

$7,200 

fjjjj 

Pesticides  Sampling/Analysis 

12  wells  @  2  samples/yr 

Method  8080 

$5,400 

gBl 

Metals  Sampling/Analysis 

12  wells  @  2  samples/yr 

Method  6010/7000 

$6,100 

Semi-VOCs  (Phenols),  Acid  Extractables 

12  wells  @  1  sample/yr 

$2,900 

Sampling  Labor 

$5000/event  x  2  events/year 

$10,000 

Reporting 

$7,000 

TOTAL 

$39,000 

Capital  Costs  = 

$390,000 

O&M  Costs  (Years  1  -  6)  = 

6  Year  Present  Worth  O&M  Costs  = 

$231,000 

(O&M  Cost)  x  (P/A,  5%,  6  yrs)  = 

$1,172,000 

O&M  Costs  (Years  7 -11)  = 

5  Year  Present  Worth  O&M  Costs  = 

$39,000 

(O&M  Cost)x(P/A,5%,5yrs)x(P/F,5%,6yrs) 

$126,000 

Total  1 1  Year  Present  Worth  O&M  Cost  = 

$1,300,000 

TOTAL  1 1  YEAR  PRESENT  WORTH  = 

$1,690,000 

'As  required  by  Post  Closure  Permit  criteria. 


6.  SYSTEM  PERFORMANCE  EVALUATION  VIA  TRACER  GAS  INJECTION 


The  purpose  of  this  study  was  to  determine  the  travel  pathway  and  distribution  of  injected  air 
within  the  test  aquifer  and  to  verify  the  ROI  from  the  initial  AAS/SVE  Treatability  Study.  The 
Radius  of  Influence  (ROI)  of  the  test  AAS  system  at  Site  SS59  was  up  to  45  ft.  The  ROI  is 
indicative  of  the  distance  where  air  channels  in  the  subsurface  are  of  sufficient  density  that  air 
flow  through  them  will  substantially  affect  the  saturated  zone.  The  ROI  reported  in  the 
feasibility  study  (EA  1994a)  was  based  on  the  monitoring  of  several  parameters  (e.g.  differential 
pressure  and  dissolved  oxygen  measurements).  This  SF6  tracer  gas  study  was  proposed  as  part 
of  the  extended  AAS/SVE  pilot  test.  This  tracer  study  was  conducted  in  Test  Area  1  at  Site 
SS59. 

The  pre-existing  sparging  well  in  Test  Area  1  (AAS-1)  was  modified  to  inject  a  fixed 
concentration  (approximately  4,000  ppmv)  of  SF6  into  the  aquifer.  The  SVE  systems  were  not 
operated  during  the  injection  of  the  tracer  gas.  The  existing  monitoring  system  was  used  to 
collect  soil  gas  and  ground-water  samples  from  the  vadose,  shallow  ground-water,  and  deep 
ground-water  zones  of  the  aquifer.  The  study  was  conducted  over  two  days  at  two  different  flow 
rates  (4.0  and  8.4  scfm,  for  day  1  and  day  2  respectively).  Soil  gas  samples  were  collected  from 
key  monitoring  points  at  various  time  intervals  during  the  tests.  Ground-water  samples  were 
collected  at  the  end  of  each  day.  System  operational  parameters,  dissolved  oxygen  and 
differential  pressures  also  were  measured  in  the  groundwater  monitoring  wells  during  the  study. 
The  spatial  distribution  of  the  tracer  gas  in  Test  Area  1  was  examined  with  respect  to  time  as 
well  as  distance  from  the  point  of  injection. 

The  observed  soil  gas  SF6  concentrations  appeared  to  indicate  an  influence  due  to  AAS  up  to 
45  ft  in  both  the  shallow  zone  (7  to  17  ft  bgs)  and  the  deep  zone  (3 1  to  36  ft  bgs)  of  the  aquifer. 
The  observed  ground-water  SF6  concentrations  were  much  lower  than  anticipated  and  indicated 
a  minimal  influence.  The  observed  differential  pressure  data  suggested  a  positive  influence  (^ 

0. 1  inches  of  water)  due  to  AAS  up  to  between  45  and  75  ft  in  the  shallow  zone  with  little  or  no 
effect  in  the  deep  zone.  Finally,  increasing  the  flow  rate  from  4.0  scfm  to  8.4  scfm  increased  the 
concentrations  of  tracer  gas  throughout  the  subsurface  but,  overall,  this  did  not  appear  to 
significantly  extend  the  ROI. 

Another  observation  of  the  tracer  gas  study  was  the  presence  of  preferential  air  flow  paths.  In 
particular,  the  distribution  of  SF6  throughout  the  subsurface  appeared  to  depend  on  the  flow  rate 
and  pressure  of  the  injection  system.  On  Day  1  of  the  study,  the  tracer  gas  distribution 
throughout  the  test  area  appeared  to  be  relatively  symmetrical  in  the  shallow  zone  with  a 
possible  preferential  flow  regime  aligned  parallel  to  ground-water  flow  in  the  vadose  and  deep 
zones.  When  the  injection  pressure  and  flow  rate  were  increased  on  Day  2  of  the  study,  the 
preferential  flow  path  appeared  to  shift  in  a  direction  which  was  perpendicular  to  ground-water 
flow.  Overall,  the  AAS  system  did  appear  to  have  some  influence  on  the  subsurface  up  to  45  ft 
(mainly  in  the  shallow  zone)  but,  the  observed  SF6  concentrations  in  groundwater  and  to  a  lesser 
degree  in  soil  gas  samples  were  lower  than  anticipated.  Accordingly,  a  portion  of  the  injected 
air  during  AAS  at  site  SS59  was  believed  to  be  lost  to  the  atmosphere  within  the  immediate 
vicinity  of  the  sparge  well. 
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7.  CONCLUSIONS 


7.1  ESTIMATION  OF  HORIZONTAL  AREA  OF  INFLUENCE 

Based  upon  the  soil  gas,  ground-water,  and  differential  pressure  data  which  was  collected  during 
the  tracer  gas  study  (Appendix  A),  the  ROI  in  Test  Area  1  appeared  to  be  approximately  45  ft. 
The  ROI  is  indicative  of  the  distance  where  the  air  channels  in  the  subsurface  are  of  sufficient 
density  that  air  flow  through  them  will  substantially  affect  the  saturated  zone.  This  was  in  close 
agreement  with  the  ROI  (45  ft)  which  was  estimated  during  the  initial  AAS/SVE  treatability 
study  for  Site  SS59  (EA,  1994b).  It  was  determined  that  a  ROI  of  45  ft  (primarily  in  the 
shallow  zone)  provides  a  conservative  estimate  of  what  can  be  quantitatively  expected  from  the 
AAS  system  at  Site  SS59.  However,  in  a  qualitative  sense,  the  degree  of  this  effect  (e.g.  the 
removal  rate,  the  extent  of  flow  channeling,  and  the  SF6  concentrations  found  in  groundwater) 
appears  to  be  insufficient  for  efficient  remediation  of  low  VOC  concentrations  at  the  site. 

7.2  CONTAMINANT  MASS  REMOVAL 

Based  upon  the  change  in  soil  gas  VOC  concentrations  between  the  initial  and  final  sampling 
events,  the  operation  of  the  SVE  system  was  highly  efficient  for  removing  vapor-phase  COCs 
from  the  vadose  zone.  Here,  an  overall  99.4%  reduction  in  the  total  vapor-phase  VOC 
concentrations  was  affected  (the  average  level  decreased  from  21.723  ppmv  to  0.126  ppmv)  in  the 
vadose  zone  within  Test  Areas  1  and  2. 

A  time-weighted  average  of  0.05  lb/d  of  the  primary  COCs  was  observed  to  be  removed  by  the 
combined  AAS/SVE  system,  although  a  peak  of  0.54  lb/d  was  observed  on  13  October  1994. 

Due  to  this  low  mass  removal,  the  AAS  system  was  less  effective  than  expected  for  volatilizing 
the  contaminants  present  in  the  saturated  zone.  However,  in  comparison  to  the  initial  34. 1  lbs  of 
soluble  VOCs  estimated  to  be  within  50  ft  of  the  sparge  wells,  the  19. 1  lbs  removed  is 
substantial.  It  appeared  that  the  low  removal  rates  may  have  been  due  to  the  creation  of 
preferential  flow  channels  within  the  aquifer.  Thereby,  only  portions  of  the  aquifer  would  have 
been  influenced  by  AAS  and  the  removal  rates  would  have  been  mass  transfer  limited.  The 
higher  removal  rate  observed  on  13  October  1994  followed  a  one- week  period  of  non-operation. 
This  may  be  attributed  to  the  mobilization  of  a  zone  of  higher  concentration  of  VOCs,  or  it  may 
have  been  contributed  to  by  the  collapse  of  existing  flow  channels  and  the  formation  of  new 
channels  in  the  aquifer  upon  reactivation  of  the  AAS/SVE  system.  Thus,  pulsing  of  the 
AAS/SVE  system  is  anticipated  to  potentially  improve  the  influence  of  the  system  within  the 
aquifer.  This  effect  is  supported  in  the  literature.  The  lack  of  pulsing  during  operation  of  an 
AAS  system  tends  to  lead  to  the  formation  of  stable  flow  channels  and  reduced  air/contaminant 
interaction.  Although  improved  removal  may  be  realized  by  pulsing,  it  is  unclear  whether  this 
would  be  of  a  sufficient  degree  to  warrant  the  operation  of  a  full-scale  AAS/SVE  system  at  the 
site. 

The  fact  that  the  10.2  lbs  of  VOCs  removed  during  the  extended  pilot  study  was  roughly 
equivalent  to  the  mass  removed  during  the  initial  (brief)  treatability  study  (8.9  lbs)  indicated  that 
the  system  may  have  reached  steady  state  conditions  with  respect  to  mass  removal.  This  is  due 
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in  part  to  the  formation  of  stable  air  channels.  To  increase  COC  removal  from  the  saturated 
zone,  pulsing  of  the  AAS  system  is  one  strategy  that  should  be  employed  to  disrupt  the  steady 
state  conditions.  While  pulsing  of  AAS  systems  have  been  reported  in  the  literature  to  increase 
contaminant  removal  efficiency,  data  has  not  been  generated  during  the  course  of  these  studies  to 
confirm  its  application  at  Site  SS-59.  Continued  operation  of  an  AAS/SVE  system  under 
steady-state  conditions  would  be  acceptable  provided  that  mass  removal  rates  were  sufficient  to 
achieve  remediation  goals. 

It  was  determined  that  increasing  flow  rates  in  the  existing  wells  did  not  appear  to  improve 
performance  when  attempted  in  Test  Area  1 .  The  installation  of  additional  sparge  points  will 
provide  a  greater  volume  of  air  to  new  areas  of  the  saturated  zone.  Similarly,  adequate  flow 
rates  of  air  will  be  easier  to  maintain  throughout  the  aquifer. 

Over  both  test  areas,  variable  increases  and  decreases  of  ground-water  VOC  concentrations  were 
observed  in  the  monitoring  points  over  the  duration  of  the  pilot  study.  The  increase  of  ground- 
water  concentrations  which  was  observed  in  the  remaining  wells  appear  to  indicate  that 
contaminants  were  being  mobilized  due  to  AAS.  This  is  a  beneficial  and  expected  effect  of  the 
AAS  system.  Here,  contaminants  can  be  desorbed  or  solubilized  from  a  non-aqueous  phase 
through  the  influence  of  direct  contact  with  the  injected  air  or  through  enhanced  mass  transfer 
resulting  from  increased  ground-water  advection.  This  mobilization  (and  the  subsequent 
increase  in  ground-water  concentrations)  would  be  a  necessary  first  step  for  remediation  with 
AAS/SVE.  Once  mobilized  into  an  aqueous  phase,  the  contaminants  could  then  be 
volatilized/transported  to,  and  extracted  from,  the  vadose  zone  provided  a  sufficient  volume  of 
air  is  supplied  to  the  subsurface.  This  would  require  the  installation  of  additional  AAS  wells. 

7.3  RECOMMENDATIONS 

Based  upon  the  results  of  the  extended  pilot  study,  it  is  recommended  that  an  expanded,  full- 
scale  AAS/SVE  system  should  not  be  implemented  at  site  SS59.  During  the  study,  low  VOC 
mass  removal  rates  were  observed.  It  is  thought  that  flow  channeling  of  the  injected  air  was  the 
predominant  air  flow  regime.  Although  a  concern  with  respect  to  the  time  frame  required  to 
achieve  remedial  goals,  the  low  mass  removal  rates  were  representative  of  the  low  VOC 
concentrations  present  within  the  aquifer.  It  was  estimated  that  an  expanded  system  consisting 
of  1 1  pairs  of  ASS/SVE  wells  which  would  operate  under  the  same  conditions  should  be  able  to 
achieve  remedial  goals  for  VOCs  within  6  years  (with  5  years  of  subsequent  long-term 
monitoring).  Based  upon  the  variable  results  which  were  observed  during  the  extended  pilot  test 
and  the  associated  tracer  gas  study,  it  appears  that  the  flow  channeling  at  the  site  in  combination 
with  the  low  concentrations  of  COCs  in  the  aquifer  may  inhibit  the  success  of  an  expanded 
system  within  the  estimated  time  frame.  Under  typical  operational  conditions,  flow  channeling 
will  result  in  several  “dead  zones”  (i.  e. ,  liquid  phase  diffusion  limited  operation)  in  the  aquifer 
where  the  injected  air  cannot  reach,  and  COCs  will  not  be  removed.  A  reduction  in  the  degree 
of  flow  channeling,  and  an  increase  in  the  mass  removal  rate,  may  be  achieved  through  the 
operations  of  a  “pulsed”  AAS/SVE  systems.  By  using  an  on/off  sparging  cycle  consisting  of 
pulsed  flow,  it  is  anticipated  that  flow  channels  which  may  form  would  collapse  and  allow  for 
the  transport  of  injected  air  into  different  areas  of  the  aquifer.  Thus,  removal  rates  may  be 
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increased  by  minimizing  the  occurrence  of  dead  zones  and  increasing  the  opportunities  for  mass 
transfer  (e.g.,  providing  higher  COC  concentration  gradients  by  contacting  more  zones  of  the 
aquifer,  and  increasing  the  advective  forces  resulting  from  the  injected  air  and  ground-water 
displacement).  This  effect  is  supported  by  the  research  of  Brown  et  al.  (1995)  and  Marley  et  al. 
(1990).  Another  method  for  minimizing  the  effect  of  flow  channeling  is  to  sparge  at  various 
depths  of  the  aquifer  (Hoag,  1995).  It  is  also  possible  to  utilize  some  of  the  existing  shallow 
monitoring  wells  as  AAS  wells.  When  combined  with  deep-aquifer  sparging,  this  will  act  to 
provide  greater  air  flows  to  different  intervals  of  the  aquifer. 

Thus,  in  a  quantitative  sense,  as  indicated  by  the  offgas  concentrations,  the  AAS/SYE  pilot 
system  was  able  to  remove  VOCs  from  the  aquifer  at  Site  SS59  and  a  modified  expanded  system 
would  be  expected  to  continue  remediating  the  site.  However,  qualitatively,  the  removal  rates 
and  the  degree  to  which  the  system  affects  the  site  may  be  insufficient  for  the  efficient 
remediation  of  the  site.  Therefore,  although  an  AAS/SVE  system  may  provide  some  removal  of 
the  subsurface  VOCs,  alternative  remedial  options  should  be  considered.  Alternatives  such  as 
intrinsic  bioremediaton  are  discussed  in  the  Proposed  Plan  for  Target  Area  1  of  Area  6  in  the 
West  Management  Unit.  If  intrinsic  bioremediation  addresses  the  low  concentrations  of  ground- 
water  contamination,  then  no  other  active  remediation  needs  to  occur. 
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EXECUTIVE  SUMMARY 


The  purpose  of  this  study  was  to  determine  the  travel  pathway  and  distribution  of  injected  air 
within  the  test  aquifer  and  to  verify  the  ROI  from  the  initial  AAS/SVE  Treatability  Study.  The 
Radius  of  Influence  (ROI)  of  the  test  AAS  system  at  Site  SS59  was  up  to  45  ft.  The  ROI  is 
indicative  of  the  distance  where  air  channels  in  the  subsurface  are  of  sufficient  density  that  air 
flow  through  them  will  substantially  affect  the  saturated  zone.  The  ROI  reported  in  the 
feasibility  study  (EA  1994a)  was  based  on  the  monitoring  of  several  parameters  (e.g.  differential 
pressure  and  dissolved  oxygen  measurements).  This  SF6  tracer  gas  study  was  proposed  as  part 
of  the  extended  AAS/SVE  pilot  test.  This  tracer  study  was  conducted  in  Test  Area  1  at  Site 
SS59. 

The  pre-existing  sparging  well  in  Test  Area  1  (AAS-1)  was  modified  to  inject  a  fixed 
concentration  (approximately  4,000  ppmv)  of  SF6  into  the  aquifer.  The  SVE  systems  were  not 
operated  during  the  injection  of  the  tracer  gas.  The  existing  monitoring  system  was  used  to 
collect  soil  gas  and  ground-water  samples  from  the  vadose,  shallow  ground-water,  and  deep 
ground-water  zones  of  the  aquifer.  The  study  was  conducted  over  two  days  at  two  different  flow 
rates  (4.0  and  8.4  scfm,  for  day  1  and  day  2  respectively).  Soil  gas  samples  were  collected  from 
key  monitoring  points  at  various  time  intervals  during  the  tests.  Ground-water  samples  were 
collected  at  the  end  of  each  day.  System  operational  parameters,  dissolved  oxygen  and 
differential  pressures  also  were  measured  in  the  groundwater  monitoring  wells  during  the  study. 
The  spatial  distribution  of  the  tracer  gas  in  Test  Area  1  was  examined  with  respect  to  time  as 
well  as  distance  from  the  point  of  injection. 

The  observed  soil  gas  SF6  concentrations  appeared  to  indicate  an  influence  due  to  AAS  up  to 
45  ft  in  both  the  shallow  zone  (7  to  17  ft  bgs)  and  the  deep  zone  (3 1  to  36  ft  bgs)  of  the  aquifer. 
The  observed  ground-water  SF6  concentrations  were  much  lower  than  anticipated  and  indicated 
a  minimal  influence.  The  observed  differential  pressure  data  suggested  a  positive  influence  (> 

0. 1  inches  of  water)  due  to  AAS  up  to  between  45  and  75  ft  in  the  shallow  zone  with  little  or  no 
effect  in  the  deep  zone.  Finally,  increasing  the  flow  rate  from  4.0  scfm  to  8.4  scfm  increased  the 
concentrations  of  tracer  gas  throughout  the  subsurface  but,  overall,  this  did  not  appear  to 
significantly  extend  the  ROI. 

Another  observation  of  the  tracer  gas  study  was  the  presence  of  preferential  air  flow  paths.  In 
particular,  the  distribution  of  SF6  throughout  the  subsurface  appeared  to  depend  on  the  flow  rate 
and  pressure  of  the  injection  system.  On  Day  1  of  the  study,  the  tracer  gas  distribution 
throughout  the  test  area  appeared  to  be  relatively  symmetrical  in  the  shallow  zone  with  a 
possible  preferential  flow  regime  aligned  parallel  to  ground-water  flow  in  the  vadose  and  deep 
zones.  When  the  injection  pressure  and  flow  rate  were  increased  on  Day  2  of  the  study,  the 
preferential  flow  path  appeared  to  shift  in  a  direction  which  was  perpendicular  to  ground-water 
flow.  Overall,  the  AAS  system  did  appear  to  have  some  influence  on  the  subsurface  up  to  45  ft 
(mainly  in  the  shallow  zone)  but,  the  observed  SF6  concentrations  in  groundwater  and  to  a  lesser 
degree  in  soil  gas  samples  were  lower  than  anticipated.  Accordingly,  a  portion  of  the  injected 
air  during  AAS  at  site  SS59  was  believed  to  be  lost  to  the  atmosphere  within  the  immediate 
vicinity  of  the  sparge  well. 


ES-1 


1.  INTRODUCTION 


1.1  BACKGROUND 

Dover  Air  Force  Base  (DAFB)  is  located  next  to  the  city  of  Dover  in  Kent  County,  Delaware 
(Figure  1-1).  The  installation  encompasses  approximately  4,000  acres  of  land  including 
annexes,  easements,  and  leased  properties.  Site  SS59  at  DAFB  (Figure  1-2)  is  under 
investigation  for  the  remediation  of  ground  water  which  was  contaminated  by  a  system  of 
industrial  waste  basins  operated  in  this  area.  The  secondary  basins  of  this  system  were  closed  in 
1986  under  RCRA.  An  Aquifer  Air  Sparging/Soil  Vapor  Extraction  (AAS/SVE)  System  was 
one  of  the  recommended  remedial  technologies  presented  in  the  FS  for  the  site.  A  series  of  pilot 
AAS/SVE  studies  were  conducted  at  Site  SS59  from  July  to  November  1993  in  order  to  assess 
the  viability  of  this  technology  for  removing  the  contaminants  of  concern  (COCs).  Based  upon 
the  recommendations  of  that  study,  the  AAS/SVE  system  was  reactivated  for  an  extended  study. 
This  report  is  an  appendix  for  the  extended  AAS/SVE  pilot  study  report. 

1.2  OBJECTIVES 

Tracers  can  be  used  in  a  similar  manner  to  elicit  information  regarding  ground-water  and  air 
flow  path  in  the  unsaturated  (vadose)  zone  of  an  aquifer.  It  was  determined  from  the  initial 
Aquifer  Air  Sparging/Soil  Vapor  Extraction  (AAS/SVE)  treatability  study  (EA,  1994b) 
conducted  during  the  FS  (EA,  1994a)  that  the  Radius  of  Influence  (ROI)  of  an  AAS  system  at 
Site  SS59  was  up  to  45  ft.  This  ROI  was  based  on  monitoring  parameters  such  as  differential 
pressure,  dissolved  oxygen  (DO),  as  well  as  changes  in  the  ground-water  table.  The  ROI  is 
indicative  of  the  distance  where  air  channels  in  the  subsurface  are  of  sufficient  density  that  air 
flow  through  the  channels  will  substantially  affect  the  saturated  zone.  In  order  to  verify  this  ROI 
and  to  determine  the  travel  pathway  and  the  distribution  of  the  injected  air/tracer  gas  within  the 
test  aquifer,  the  tracer  gas  study  presented  in  this  report  was  proposed  as  a  part  of  the  extended, 
AAS/SVE  pilot  test.  Test  Area  1  at  Site  SS59  was  selected  for  the  tracer  study. 

1.3  GEOLOGY  AND  HYDROGEOLOGY 

Information  regarding  the  overburden  at  Site  SS59  was  obtained  during  the  installation  of  the 
series  of  monitoring  wells  designed  for  RCRA  ground- water  monitoring  programs  and  the  initial 
AAS/SVE  treatability  studies  (EA,  1994b).  Site  SS59  predominantly  consists  of  the  fine-  to 
medium-grained  sands  of  the  Columbia  Formation.  Previous  data  suggests  that  the  site  is 
underlain  by  40  ft  of  coarsening  sand  with  discontinuous  lenses  of  silt  and  fine  sand.  A  possible 
channel  lag  deposit  containing  rip-up  casts  of  clay  and  rock  fragments  was  detected  from  17  to 
20  ft  in  the  boring  for  well  21 1-D.  No  continuous  clay  layer  was  detected  under  the  site. 
Discontinuous  clay  lenses  do  occur  in  the  Columbia  Formation  (Bachman,  1984). 

The  Kirkwood  Formation  of  the  Chesapeake  Group  directly  underlies  the  Columbia  Formation 
and  serves  as  the  aquitard  at  the  base  of  the  unconfined  aquifer.  It  consists  of  a  stiff,  dark  gray, 
silty  clay  ranging  from  18  to  28  ft  thick.  Paleotopography  with  up  to  50  ft  relief  was  developed 
on  the  surface  of  the  Kirkwood  formation  during  deposition  of  the  Columbia  sediments.  This 
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paleotopography  exerts  localized  control  over  the  ground-water  flow  direction  in  the  overlying 
Columbia  aquifer. 

The  Frederica  aquifer  underlies  the  Kirkwood  Formation.  It  consists  of  silty  sands  with 
relatively  low  permeability  and  water  yields.  The  Frederica  aquifer  is  underlain  by  60  to  70  ft  of 
silty  sand  which  serves  as  an  aquitard  and  overlies  the  Cheswold  Aquifer  which  is  one  of  the 
primary  water  supply  aquifers  in  the  Dover  area. 

The  average  depth  to  ground  water  at  the  site  is  nominally  1 1  ft  below  grade  but  varies 
seasonally.  During  periods  of  a  low  water  table,  ground-water  flow  at  the  base  is  towards  the 
south.  The  flow  direction  changes  to  the  southeast  during  periods  of  elevated  ground  water. 
Baseflow  discharge  to  downgradient  surface  water  drainage  ditches  may  occur  at  this  time. 
Ground-water  flow  for  Site  SS59  is  to  the  south.  Evidence  from  wells  which  were  drilled  in 
1990  suggest  that  a  paleotopographic  trough  in  the  surface  of  the  Kirkwood  Formation  may 
direct  subsurface  flow  within  the  deeper  portions  of  the  Columbia  aquifer  beneath  the  site 
(Dames  and  Moore  with  HAZWRAP,  1990).  The  trough  is  aligned  north  to  south  and  the  site  is 
located  over  the  central  axis  which  plunges  to  the  south.  This  feature  may  help  to  channelize 
flow  during  low  water  conditions  towards  the  south  and  have  less  of  an  effect  during  high  water 
conditions  when  the  water  table  "floods"  the  underlying  paleotopography. 

The  saturated  thickness  of  the  Columbia  aquifer  ranges  from  15  to  20  ft  in  the  western  portion  of 
the  base  to  70  ft  in  the  eastern  portion.  Hydraulic  conductivities  derived  from  previous, 
basewide,  pump-test  data  range  from  55  to  150  ft/day.  The  average  hydraulic  gradient  is  0.001 
but  may  vary  with  seasonal  recharge.  Assuming  30%  porosity  in  the  sediments,  the  ground- 
water  flow  velocity  within  the  Columbia  aquifer  ranges  from  67  to  182  ft/yr. 

Twelve  soil  borings  installed  in  May  of  1993  (Figure  1-3)  were  used  to  construct  geologic  cross- 
sections  of  the  underlying  stratigraphy  at  Site  SS59.  The  cross-sections  were  developed  by 
correlating  similar  lithologies,  as  described  in  the  soil  logs,  between  boreholes.  Soil  types 
displayed  between  boreholes  are  therefore  interpretive  and  based  upon  an  evaluation  of  the 
available  data.  Generalized  cross-sections  though  soil  borings  5  through  8  (Figure  1-4  through 
1-7)  can  be  used  to  describe  the  stratigraphy  at  Site  SS59.  The  orientation  of  the  cross  sections 
are  shown  in  Figure  1-3. 

1.4  TRACER  GAS  SELECTION 

Numerous  natural  or  artificially-produced  gases  may  be  introduced  into  ground  water  to  serve  as 
a  tracer.  The  tracer  gas  to  be  monitored  can  either  be  already  present  in  the  aquifer  or  can  be 
artificially  injected  and  dissolved  into  the  ground-water.  Few  examples  of  injected  tracer  gases 
are  available  in  the  literature. 

There  are  several  factors  which  may  influence  the  concentration,  and  therefore,  the 
effectiveness,  of  a  tracer  in  ground  water.  For  example,  the  concentration  of  dissolved  tracer  gas 
can  be  expected  to  increase  with  an  increase  of  the  gas  pressure.  In  most  situations,  once  the  gas 
is  dissolved  in  ground  water  at  near-atmospheric  pressures,  the  gas  will  tend  to  stay  in  solution 
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since  fluid  pressure  rapidly  increases  as  water  moves  downward  into  an  aquifer.  Another 
consideration  arises  if  large  quantities  of  a  gas  such  as  methane  is  being  generated  in  the 
subsurface.  This  gas  may  work  its  way  up  through  the  aquifer  in  the  form  of  undissolved 
bubbles  and  will  act  to  remove  much  of  the  pre-existing  dissolved  gases  out  of  solution.  Other 
factors,  such  as  increases  in  temperature  or  salinity  will  also  lower  tracer  gas  concentrations  in 
the  aquifer  by  reducing  the  solubility  of  the  gas. 

A  summary  of  the  typical  gases  which  are  available  for  use  in  hydrogeological  studies  is 
presented  in  Table  1-1.  Most  tracer  gases  used  for  the  hydrogeological  studies  can  be  placed 
into  one  of  three  categories:  inert  radioactive  gases,  inert  natural  gases,  and  fluorocarbons. 
Common  pre-requisites  for  a  ground-water  tracer  include  the  following: 

•  the  tracer  should  be  non-toxic; 

•  the  potential  chemical  and  physical  behaviors  of  the  tracer  must  be  understood  for  the 
specific  ground-water  quality; 

•  the  tracer  should  behave  similar  to  atmospheric  air  to  determine  the  flow  pathway; 

•  the  tracer  should  not  interact  with  solid  materials; 

•  the  tracer  should  be  easily  detected  with  a  technology  which  is  readily  available,  easy  to 
use,  and  reliable; 

•  the  tracer  should  be  able  to  be  injected  at  concentrations  which  are  well  above 
background  concentrations  of  the  same  constituent  in  the  study  area; 

•  the  tracer  should  be  relatively  inexpensive. 

Because  of  their  non-reactive  and  non-toxic  nature,  and  low  naturally  occurring  concentrations 
inert  gases  (e.g.,  the  noble  gases)  are  potentially  useful  tracers.  Helium  is  widely  used  as  a  tracer 
for  industrial  processes  and,  to  a  limited  extent,  it  also  has  been  used  as  a  ground-water  tracer 
(Carter  et  al.,  1959).  Neon,  krypton,  and  xenon  are  other  possible  candidates  for  injected  tracers 
due  to  their  low  natural  background  concentrations  (Table  1-1).  Although,  under  normal 
conditions,  these  inert  gases  do  not  undergo  chemical  reactions  and  do  not  participate  in  ion 
exchange  processes,  the  heavier  noble  gases  (i.e.,  krypton  and  xenon)  may  adsorb  onto  clays  and 
organic  materials  which  are  present  in  the  aquifer. 

Helium  is  a  relatively  cheap,  non-toxic,  chemically-stable  noble  gas,  and  its  storage, 
transportation,  and  handling  in  the  field  are  easy  and  safe.  Its  low  solubility  and  molecular 
weight  allows  the  injected  helium  gas  to  travel  easily  within  the  ROI  both  horizontally  and 
vertically.  The  transport  of  helium  within  an  aquifer  can,  therefore,  be  delineated  by  sampling 
and  analyzing  the  headspace  of  the  monitoring  wells  (including  vadose  zone  monitoring  points). 
However,  for  the  tracer  study  presented  in  this  report,  a  reliable  and  sensitive  detector  was  not 
available  for  helium  analyses. 

Sulfur  hexafluoride  (SF6)  was  chosen  for  this  tracer  study  since  it  is  a  non-toxic  and  relatively 
insoluble  gas  which  is  readily  detectable  with  an  standard  field  equipment.  In  addition,  since 
SF6  is  not  a  naturally  occurring  gas,  the  background  concentrations  in  an  aquifer  were  likely  to 
be  undetectable.  SF6  is  commercially  available  as  a  compressed  gas. 
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TABLE  1-1  GASES  OF  POTENTIAL  INTEREST  AS  TRACERS 


Tracer  Gas  Options 

PPP 

ppp 

Argon 

5.7E-1 

60.6 

Neon 

1.7E-4 

9.5 

Helium 

8.2E-6 

1.5 

Krypton 

2.7E-4 

234 

Xenon 

5.7E-5 

658 

Carbon  Monoxide 

6.0E-6 

28 

Sulfur  Hexafluoride 

Not  available 

2.4  (Linke,  1965) 

Source:  Davis,  1985 


2.  DESIGN  AND  EQUIPMENT 


The  field  techniques  and  equipment  required  for  the  injection  of  tracer  gases  are  relatively 
standardized.  It  is  primarily  in  the  detection  and  analysis  of  an  individual  tracer  that  the 
techniques  and  required  analytical  equipment  vary  substantially.  The  basic  equipment  necessary 
to  conduct  a  multiple-well  gas  tracer  study  includes  an  injection  (sparge)  well,  several 
monitoring  wells  (fitted  with  sampling  ports  for  the  collection  of  gas  samples),  a  tracer  gas  tank 
and  associated  injection  connections,  and  the  associated  monitoring  equipment.  The  injection 
and  monitoring  systems  employed  during  this  study  are  presented  in  Sections  2.1  and  2.2, 
respectively. 

2.1  INJECTION  SYSTEM  LAYOUT 

The  study  presented  in  this  report  utilized  a  single  injection  well  for  the  SF6  tracer.  The  pre¬ 
existing  Aquifer  Air  Sparging  well  in  Test  Area  1  (AAS-1)  was  used  to  inject  a  fixed 
concentration  (0.4%,  v/v)  of  SF6  into  the  aquifer  at  a  depth  of  46  ft  (screened  interval  from  41  to 
46  ft).  The  water  table  in  the  test  area  is  typically  located  10  to  12  ft  bgs.  The  SVE  systems 
were  not  operated  during  the  injection  of  tracer  gas. 

The  tracer  gas  injection  system  consisted  of  a  pressurized  SF6  tank,  an  air  compressor,  and  the 
associated  piping  systems  including  valves  and  regulators  (Figure  2-1).  Since  SF6  is  a  gas,  it 
was  convenient  to  transport  the  tracer  to  the  study  site  in  pressurized  gas  containers.  The 
injected  air  and  tracer  gas  were  mixed  in-line  at  the  well  head.  A  sampling  port  was  also  present 
at  the  well  head  in  order  to  allow  for  the  verification  of  the  influent  SF6  concentrations. 

2.2  MONITORING  SYSTEM  LAYOUT 

Once  the  tracer  gas  was  injected  into  Test  Area  1,  it  traveled  horizontally  and  vertically  through 
the  saturated  zone  of  the  aquifer.  Due  to  its  low  solubility  (Table  1-1),  most  of  the  injected  SF6 
did  not  go  into  solution  with  the  ground  water.  Thus,  it  traveled  by 
advection/diffusion/dispersion  mechanisms  into  the  vadose  zone  along  with  the  injected  air. 

Some  of  the  injected  SF6  which  remained  in  the  saturated  zone  passed  through  the  screened 
intervals  of  the  monitoring  wells  and  entered  the  headspace  of  the  well.  The  concentrations  of 
SF6  in  the  well  headspace  and  vadose  zone  monitoring  points  were,  therefore,  a  function  of  the 
distance  of  the  monitoring  points  from  the  injection  point,  the  time  interval  since  injection,  air 
injection  pressure  and  the  site-specific  aquifer  characteristics.  Localized,  preferential  flow 
channels  would  also  strongly  affect  the  resultant  concentrations  identified  in  the  monitoring 
points. 

This  tracer  study  utilized  the  existing  monitoring  system  (Figure  2-2)  which  was  designed  for 
the  AAS/SVE  treatability  study  (EA,  1994b).  The  tracer  gas  concentrations  in  the  monitoring 
points  were  sampled  both  the  gradient  and  the  cross-gradient  ground-water  flow  directions  at  the 
site.  Nested  monitoring  points  with  different  depths  (Figure  2-3)  were  used  to  determine  the 
concentrations  of  the  tracer  gas  within  the  aquifer.  The  monitoring  wells  were  designated  "MW" 
and  qualified  by  depth  (D  =  deep,  S  =  shallow,  and  V  =  vadose),  distance  from  the  test  wells, 


2-1 


ROTOMETER 


ai-HMD  mu 


“DM325D 


aZ-UAQ  :jjy 


test  area  number,  and  their  position  with  regard  to  ground-water  flow  direction.  For  example, 
"DMW45-1P"  is  the  deep  monitoring  well  located  approximately  45  ft  from  the  test  wells  in 
Test  Area  1  on  the  line  of  monitoring  wells  oriented  approximately  perpendicular  to  ground- 
water  flow.  The  corresponding  monitoring  point  on  the  line  approximately  parallel  to  ground- 
water  flow  is  numbered  "DMW45-1". 

Since  the  SF6  gas  enters  the  headspace  of  the  ground-water  monitoring  wells  only  by 
diffusion/advection/dispersion  mechanisms,  the  tracer  gas  concentrations  identified  in  the 
shallow  and  deep  ground-water  monitoring  wells  were  expected  to  approximate  the  tracer  gas 
concentrations  within  the  aquifer  (Figure  2-4).  The  tracer  gas  concentrations  identified  in  the 
vadose  zone  monitoring  points  may  not  have  necessarily  originated  from  the  ground  water 
located  directly  below  the  monitoring  point.  However,  the  data  which  was  collected  from  these 
wells  may  provide  valuable  information  regarding  air  flow  through  the  unsaturated  zone. 

2.3  EQUIPMENT 

The  equipment  used  for  this  tracer  study  was  identical  to  what  was  used  for  the  AAS/SVE  pilot 
study  (EA,  1994)  with  the  exception  of  the  SF6  gas  and  the  associated  piping  system,  regulators, 
and  valves.  A  list  of  the  equipment  which  was  used  in  this  study  is  presented  in  Table  2-1 . 
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TABLE  2-1  LIST  OF  EQUIPMENT  EMPLOYED  DURING  THE  TRACER  GAS 
STUDY,  SITE  SS59,  DOVER  AFB,  DELAWARE 


Tracer  Gas  Injection  System 


Pressurized  SFfi  Tanks 


Air  Compressor 


Two  80-Gallon  Air  Tanks 


Three  Coalescing  Filters 
(Pre-Filter  and  High 
Efficiency  Vapor  Filters) 


Pressure  Regulator 


Hydrogard 


Piping  System  With  Valves 


Process  Measurement 


Pressure  Gauges 


In-Line  Flow  Meter 


Magnehelic  Gauges 


Sampling  Equipment 


Gas  Chromatograph 


Portable  Flame  Ionization 
Detector 


Sampling  Port 


Scott  Specialty  Gases 


Ingersoll  Rand 


Ingersoll  Rand 


Ultrafilter  International 


Parker 


Ingersoll  Rand 


Dwyer 


Dwyer 


HNu 

Shimadzu 


Foxboro  FID 


Swagelock 


T-305805V 


5Z365 


08R5 


HG-25 


VEC121-FC 


R18E,  R10E,  W34C 


421  GC 

CRCH  Integrator 


OVA  128 


Dissolved  Oxygen  Meter  Yellow  Spring  Instruments 


3.  TEST  PROCEDURE 


3.1  FIELD  TEST  PROTOCOL 

The  tracer  gas  study  was  conducted  in  Test  Area  1  at  Site  SS59.  The  Aquifer  Air  Sparging/Soil 
Vapor  Extraction  (AAS/SVE)  system  was  shut  down  for  24  hours  prior  to  the  test  in  order  to 
serve  as  an  equilibrium  period  for  the  test  aquifer.  Before  injecting  the  tracer  gas,  the  AAS 
system  (air  only)  was  activated  for  one  hour.  The  resistance  to  airflow  into  the  aquifer  due  to 
the  static  head  of  water  which  was  present  in  the  injection  well  was  determined  by  using  the 
following  equation: 

Pj  =  (Wc)  x  (0.434  psig/ft) 

where: 

Pi  =  Initial  pressure  (resistance)  (psig) 

Wc  =  Standing  water  column  in  the  well  above  the  top  of  the  well  screen  (ft) 

Using  this  equation,  the  initial  resistance  to  air  sparging  was  approximately  12.9  psig  (Appendix 
A-l).  Thus,  an  initial  injection  pressure  of  17  psig  was  used  to  overcome  the  standing  column  of 
water  and  to  allow  airflow  through  the  screened  interval  into  the  saturated  zone.  The  injection 
pressure  soon  equalized  down  to  12  psig  and  the  injection  flow  rates  were  adjusted  to  maintain 
the  desired  influent  concentration  of  tracer  gas.  The  injection  pressure  was  checked  every  15 
minutes  throughout  the  test  (and  held  steady  once  the  injection  of  tracer  gas  had  begun). 

The  flow  rates  from  the  air  compressor  and  the  pressurized  SF6  tank  were  adjusted  such  that  a 
0.4%  (v/v)  mixture  (4,000  ppmv)  was  being  injected  into  AAS-1.  For  Day  1  of  the  tracer  study, 
the  tracer/air  mixture  was  injected  at  3  acfm.  The  actual  mass  flow  rate  of  SF6  which  was 
injected  into  the  aquifer  during  the  tracer  study  is  presented  in  Section  4.1.3. 

Injection  flow  rates  were  measured  by  directly  recording  the  injection  rate  (acfm)  from  an  in-line 
flowmeter.  Recorded  flow  rates  were  subsequently  corrected  for  the  effects  of  pressure  utilizing 
the  following  equation: 

Q2  =  Qi(P2/Pi)05 

Where  Qi  =  Observed  flow  meter  reading  (acfm) 

Q2  =  Actual  flow  rate  (corrected  for  the  effects  of  pressure)  (scfm) 

P,  =  Standard  atmospheric  pressure  (14.7  psi) 

P2  =  Actual  pressure  (gauge  pressure  (psig)  +14.7  psi) 

Thus,  the  flow  rate  on  Day  1  was  equivalent  to  4.0  scfm  (Appendix  A-l). 

Over  the  course  of  the  study,  vapor  samples  were  collected  from  the  individual  monitoring 
points  and  analyzed  for  SF6  concentrations  according  to  the  schedule  indicated  in  Table  3-1. 
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TABLE  3-1 


SAMPLING  AND  MONITORING  SCHEDULE  FOR  THE  TRACER  GAS  STUDY 
AT  SITE  SS59,  DOVER  AFB,  DELAWARE 


Injection  System 
Operational  Parameters 

Sample  SF6  Concentration  pay  1) 
Sample  SF6  Concentration  (Day  2) 
Measure  Injected  Pressure 
Measure  Flow  Rate 


Interval 

15  min,  45  min,  150  min,  and  360  min. 
15  min,  240  min. 

As  above 
As  above 


SF6  Measurements 


1  Deep  Wells  I 


_ Day  1 _ 

1st  Round  2nd  Round  3rd  Round  4th  Round 


_ Day  2 _ 

1st  Round  2nd  Round 


DMW10-1 

X 

X 

X 

X 

DMW25-1P 

X 

X 

X 

X 

DMW45-1 

X 

X 

X 

X 

DWM75-1P 

X 

X 

X 

X 

Shallow  Wells 

SMW10-1 

X 

X 

X 

X 

SMW25-1P 

X 

X 

X 

X 

SMW45-1 

X 

X 

X 

X 

Vadose  Zone 

Monitoring  Points 

VMW10-1 

X 

X 

X 

X 

VMW25-1P 

X 

X 

X 

X 

VMW45-1 

X 

X 

X 

X 

(Additional  Points  ! 

VMW25-1 

X 

X 

SMW25-1 

X 

X 

DMW25-1 

X 

X 

VMW75-1 

X 

X 

SMW75-1 

X 

X 

DMW75-1 

X 

X 

VMW45-1P 

X 

X 

SMW45-1P 

X 

X 

DMW45-1P 

X 

X 

SMW10-1P 

X 

X 

ISoil  Gas  Probes 

1 

Probe  A  (10  ft) 

X 

X 

Probe  B  (25  ft) 

X 

X 

Probe  C  (45  ft) 

X 

X 

X  X 

X  X 

X  X 


X 

X  X 


X 


X  X 

X  X 


X  X 

X  X 

X 

X  X 

X  X 


X 

X  X 

X  X 


Ground-Water  Sampling 
(After  Test  for  SF6) 


SMW10-1 

DMW10-1 

SMW45-1 

DMW45-1 

SMW25-1P 

DMW25-1P 


(Optional  Points  1 

SMW75-1P 

DMW75-1P 

SMW25-1 

DMW25-1 

VMW75-1P 
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System  operational  parameters  and  sampling  point  differential  pressures  were  also  monitored  as 
appropriate.  In  addition  to  the  monitoring  wells  and  vadose  zone  monitoring  points,  three  soil 
vapor  probes  were  installed  in  the  test  area  in  order  to  confirm  the  accuracy  of  the  SF6 
concentrations  observed  in  the  wells.  The  location  of  three  direct  push,  vapor  probes  (10  ft,  25 
ft,  and  45  ft  from  AAS-1)  within  the  test  area  is  presented  in  Figure  2-2.  The  depth  of  the 
probes  were  identical  to  the  shallow  ground-water  monitoring  wells  (i.e.,  12  to  15  ft  BGS). 

A  second  day  of  the  tracer  study  was  operated  under  the  same  test  conditions  except  that  a  higher 
flow  rate  (6  acfm  =  8.4  scfm)  and  injection  pressure  (14  psig)  was  used.  The  existing  SVE 
system  was  operated  only  during  the  hiatus  between  the  two  study  days. 

3.2  DATA  COLLECTION 

System  operational  parameters  such  as  the  injection  flow  rates,  the  injection  pressures,  the 
temperature  of  the  injected  air,  and  the  injected  SF6  concentrations  were  monitored  during  the 
tracer  study.  The  critical  parameters  which  were  monitored  during  the  tracer  study  were  the 
differential  pressures  at  the  individual  monitoring  points  and  the  concentration  of  SF6  in  the  soil 
vapor  and  ground-water  samples. 

The  monitoring  network,  sampling  instrumentation,  sampling  frequency  (Table  3-1),  and 
detection  methods  were  determined  by  the  flow  regime  of  the  aquifer.  The  headspace  of  the 
monitoring  points  (including  the  three  geoprobes)  was  sampled  over  four  time  intervals  on  Day 
1  of  the  study.  Additional  wells  were  sampled  during  the  second  half  of  the  tracer  study  in  order 
to  further  identify  the  reach  of  the  tracer  gas  from  AAS-1.  The  system  operational  parameters 
were  also  monitored  during  these  intervals.  The  differential  pressures  were  recorded  on  each 
day  of  the  study. 

The  system  setup,  operation,  and  monitoring  procedures  were  conducted  by  EA  personnel. 

3.3  CHRONOLOGY  OF  FIELD  ACTIVITIES 

The  AAS/SVE  systems  in  Test  Areas  1  and  2  were  shut  down  for  24  hours  prior  to  the 
commencement  of  the  tracer  study  in  order  to  provide  an  equilibration  period  for  the  test  aquifer. 
During  the  equilibration  period,  the  SF6  injection  system  was  calibrated  to  deliver  an 
approximate  0.4%  tracer/air  mixture  to  AAS-1.  On  Day  1  of  the  study,  prior  to  the  injection  of 
the  tracer  gas,  the  AAS-1  system  was  activated  for  one  hour  (air  only).  Then  the  tracer  gas 
mixture  was  injected  into  AAS-1  and  monitoring  was  performed  according  to  the  procedures 
outlined  in  Section  3.2.  The  SVE  systems  were  not  in  operation  during  the  injection  of  tracer 
gas.  At  the  end  of  the  study  on  Day  1,  ground-water  samples  were  collected,  the  air  compressor 
was  deactivated,  and  the  SVE  was  reactivated  until  the  following  morning  when  Day  2  of  the 
study  began.  Identical  procedures  were  employed  on  Day  2  of  the  study,  but  using  a  higher 
injection  flow  rate  and  pressure.  The  AAS/SVE  systems  were  reactivated  following  the 
completion  of  the  tracer  study.  A  summary  of  the  field  activities  is  presented  in  Table  3-2. 
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TABLE  3-2  CHRONOLOGY  OF  FIELD  ACTIVITIES 


19  December  1995 

MOBILIZATION  AND  TRACER  STUDY  PREPARATION 

0700  to  1815  hrs 

Turned  off  AAS/SVE  system  in  Test  Areas  1  and  2.  Checked 
equipment  and  piping.  Calibrated  tracer  injection  equipment  to  supply 
a  0.4%  mixture.  Calibrated  GC  with  vapor  standards. 

20  December  1995 

DAY  1  OF  TRACER  STUDY 

0700  hrs 

Mobilized  for  Day  1  of  the  study.  Activated  air  compressor. 

Rechecked  influent  concentrations  of  tracer  gas. 

0815  hrs 

Began  sparging  at  AAS-1  (air  only)  with  an  injection  pressure  of  17  psi. 
Adjusted  flow  rates  to  compensate  for  decreasing  (stabilizing)  pressure. 

0845  hrs 

Began  tracer  study  in  Test  Area  1  with  an  injection  pressure  of  12  psig 
and  a  flow  rate  of  3  acfm  (4.0  scfm). 

0900  hrs 

First  sampling  interval  (15  min).  Soil  gas  samples  collected1.  Began 

GC  analysis  of  soil  gas  samples. 

0930  hrs 

Second  sampling  interval  (45  min).  Soil  gas  samples  collected1. 

1115  hrs 

Third  sampling  interval  (150  min).  Soil  gas  samples  collected1. 

1130  hrs 

Differential  pressure  measurements  collected  from  each  of  the 
monitoring  wells. 

1445  hrs 

Final  sampling  interval  (360  min).  Soil  gas  samples  collected1. 

1500  hrs 

Ground-water  samples  collected  from  10  of  the  monitoring  wells 
(onsite  GC  analysis).  Turned  off  AAS-1  system.  Activated  SVE 
system  in  Test  Areas  1  and  2. 

21  December  1995 

DAY 2  OF  TRACER  STUDY 

1100  hrs 

Turned  off  SVE  systems.  Turned  on  AAS-1  (air  only)  with  an  injection 
pressure  of  17  psig.  Adjusted  flow  rates  to  compensate  for  decreasing 
(stabilizing)  pressure. 

1200  hrs 

Began  tracer  study  in  Test  Area  1  with  an  injection  pressure  of  14  psig 
and  a  flow  rate  of  6  acfm  (8.4  scfm). 

1215  hrs 

First  sampling  interval  (15  min).  Soil  gas  samples  collected1.  Began 
onsite  GC  analysis  of  soil  gas  samples. 

1415  hrs 

Differential  pressure  measurements  collected  from  10  of  the  monitoring 
wells. 

TABLE  3-2  CHRONOLOGY  OF  FIELD  ACTIVITIES  (continued) 


■ 

ill 

*  :  EVENT  1 

1600  hrs 

Final  sampling  interval  (240  min).  Soil  gas  samples1  and  differential 
pressure  measurements  collected. 

1605  hrs 

Collected  ground-water  samples  from  each  of  the  monitoring  wells 
(onsite  GC  analysis). 

1620  hrs 

End  of  Tracer  Study.  Activated  AAS/SVE  system  in  both  Test  Areas. 

1. 


The  specific  monitoring  wells  which  were  sampled  during  each  of  the  intervals  are 
summarized  in  Table  3-1. 


4.  SAMPLE  ANALYSIS  AND  RESULTS 


4.1  SOIL  GAS 

4.1.1  Sample  Collection  and  Analytical  Methods 

Soil  gas  samples  were  collected  into  dedicated  Tedlar  sample  bags  using  a  vacuum  pump. 
Swagelok  sampling  ports  were  fitted  to  pre-existing  monitoring  wells  within  the  test  area.  In 
order  to  prevent  contaminants  from  entering  the  pump,  the  sample  bag  was  placed  in  a  secondary 
plastic  container  which  was  fitted  to  the  sampling  port  on  one  end  and  the  vacuum  pump  on  the 
other.  A  dedicated  hose  was  used  to  connect  the  sample  port  to  the  Tedlar  bag.  The  soil  vapor 
was  drawn  into  the  sample  bag  by  the  applied  vacuum  inside  the  secondary  container.  At  each 
location,  the  sample  bag  was  filled  and  purged  2  to  3  times  in  this  manner  prior  to  the  actual 
sample  collection. 

The  samples  were  analyzed  by  EA  personnel  with  an  onsite  Gas  Chromatograph  (GC)  that  was 
equipped  with  an  Electron  Capture  Detector  (ECD)  which  had  been  calibrated  to  1  ppmv  of  SF6. 
Samples  which  required  dilution  (e.g.,  influent  concentrations)  were  diluted  in  nitrogen-filled 
glass  bulbs  which  produced  a  500: 1  dilution.  Further  dilution  was  obtained,  if  necessary,  by 
reducing  the  injected  volume  of  1,000  pL. 

Differential  pressure  readings  in  each  of  the  monitoring  wells  were  measured  using  magnehelic 
gauges  which  were  calibrated  immediately  prior  to  usage  in  the  field.  Magnehelic  gauges  were 
zeroed  at  the  beginning  of  each  day  and  as  necessary  during  the  sampling  event. 

4.1.2  QA/QC 

Data  quality  needs  were  determined  by  the  specified  compound  reporting  limits  and  the  Quality 
Assurance/Quality  Control  (QA/QC)  protocols  required  by  the  analytical  methods  used. 
Analytical  gaseous  standards  were  used  to  calibrate  the  GC/ECD  at  the  beginning  of  each  day 
prior  to  the  analysis  of  any  samples,  once  in  the  middle  of  each  day,  and  once  at  the  end  of  each 
day  after  all  of  the  vapor  samples  had  been  analyzed.  Analytical  blanks  were  analyzed  each  day 
prior  to  any  analyses  and  at  the  end  of  each  day  to  demonstrate  cleanliness  of  the  system.  In 
addition,  analytical  blanks  were  analyzed  throughout  the  day  as  deemed  necessary  by  the  onsite 
environmental  chemist  to  demonstrate  system  cleanliness.  Samples  were  analyzed  in  duplicate 
for  ten  percent  of  the  total  samples  run.  Gas  standards  (1  ppmv)  were  run,  on  average,  every 
eight  samples. 

Cross-contamination  and  drifts  in  the  baseline  were  checked  by  running  air  or  nitrogen  blanks. 
The  results  of  these  analysis  are  presented  in  Table  4-1 .  It  can  be  seen  that  the  majority  of  the 
vapor  blanks  were  below  the  detection  limit  of  0.001  ppmv.  Detectable  concentrations  of  SF6  in 
the  vapor  blanks  were  due  to  two  factors.  Some  carryover  was  detected  in  blanks  which  had 
immediately  followed  samples  with  extremely  high  concentrations  of  SF6  (e.g.,  inlet 
concentration  samples).  Additional  purging  of  the  syringe  used  for  the  injection  of  vapor 
samples  reduced  the  amount  of  carryover  observed  in  subsequent  samples.  Blanks  which 
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TABLE  4-1  QA/QC  RESULTS  (BLANKS)  FOR 
SOIL  VAPOR  SAMPLES 
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contained  low  concentrations  of  SF6  (e  g.,  less  than  0.005  ppmv)  were  due  to  the  fact  that  the 
ambient  air  in  the  enclosed  mobile  laboratory  was  found  to  contain  approximately  0.002  ppmv  of 
SF6.  Once  this  had  been  discovered,  nitrogen  blanks  were  used  instead  of  air  blanks.  Thereafter, 
the  vapor  blanks  were  non-detect  for  SF6.  The  ambient  air  in  the  laboratory  should  not  have 
affected  the  analytical  samples  since  the  syringe  was  cleaned  with  nitrogen  between  each  sample 
and  the  samples  were  kept  in  sealed  Tedlar  bags.  In  either  case,  sample  analysis  ceased  until  a 
clean  blank  was  obtained.  The  deviation  between  duplicate  samples  was  within  5.5  /o. 

A  distant  well  (DMW45-2P)  was  sampled  in  order  to  provide  an  estimate  of  the  background 
concentration  of  SF6  at  Site  WP-21 .  However,  this  well  was  sampled  after  the  tracer  study  had 
begun  and  these  samples  were  reported  to  contain  0.005  ppmv  of  SF6.  In  addition,  since  SF6  is 
neither  a  naturally  occurring  gas  nor  a  known  contaminant  at  Site  WP-21,  these  background 
samples  are  not  considered  to  be  representative  of  the  true  background  levels  (i.e.,  non-detect). 

A  “time-zero”  sampling  of  SF6  concentrations  was  not  performed  on  Day  2  of  the  study. 

4.1.3  Results 

Based  upon  the  influent  tracer  gas  concentration  and  the  injection  flow  rates,  the  mass  flow  rate 
of  SF6  was  approximately  2,876  and  6,040  mg/min  during  Day  1  and  Day  2  of  the  study, 
respectively.  From  this,  it  was  determined  that  a  total  of  1,070  and  1,569  grams  of  SFg  was 
injected  into  the  aquifer  over  the  two  study  days,  respectively  (Appendix  A-l). 

Soil  gas  samples  were  collected  at  15, 45, 150,  and  360  minute  intervals  on  Day  1  of  the  tracer 
gas  study  (Table  4-2).  Tracer  gas  concentrations  in  the  monitoring  points  ranged  from  non- 
detect  to  8.34  ppmv  of  SF6  over  the  duration  of  the  study.  Concentrations  of  tracer  gas  10  ft 
from  the  point  of  injection  were  generally  an  order  of  magnitude  greater  than  those  observed  in 
the  more  distant  monitoring  points.  However,  elevated  concentrations  of  tracer  gas  were 
observed  in  the  headspace  of  the  most  distant  ground-water  monitoring  wells  in  both  the  parallel 
and  perpendicular  directions. 

Soil  gas  samples  were  collected  at  15  and  240  minute  intervals  on  Day  2  of  the  tracer  gas  study 
(Table  4-3).  Tracer  gas  concentrations  in  the  monitoring  points  were  reported  to  range  from 
0.003  to  24.9  ppmv  of  SF6  over  the  duration  of  the  study.  Again,  elevated  concentrations  of 
tracer  gas  were  observed  in  the  most  distant  monitoring  wells  in  both  the  parallel  and 
perpendicular  directions.  Higher  concentrations  of  tracer  gas  (2.09  ppmv)  were  observed  in 
SMW45-1  during  the  first  sampling  interval  (15  min).  This  concentration  decreased  to  0.006 
ppmv  at  the  next  sampling  interval  (240  min)  which  may  have  indicated  a  change  in  flow 
channeling  during  sparging. 

The  largest  concentrations  which  were  observed  from  the  headspace  of  the  monitoring  wells 
were  1.89  (SMW10-1)  and  7.3  ppmv  (VMW25-1P)  during  Day  1  and  2  of  the  study, 
respectively.  The  largest  concentrations  which  were  observed  from  the  vapor  probes  were  8.34 
ppmv  (VP-10)  and  24.9  ppmv  (VP-10)  during  Day  1  and  2,  respectively.  Overall,  the  SF6 
concentrations  observed  in  the  vapor  probes  appear  to  confirm  the  data  collected  from  the 
headspace  of  the  groundwater  monitoring  wells  with  respect  to  time  and  distance  from  the  point 
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TABLE  4-2  SF6  CONCENTRATIONS  OBSERVED  IN  SOIL  GAS  SAMPLES  -  DAY  1 


DMW-10-1 


DMW-10-1  DUP 


■UfllYflefeai 


DMW-45-1 


DMW-45-1  DUP 


DMW-75-1P 


0.028 


0.020 


NS 

<0.001 


SMW-10-1 
SMW-25-1  P 


0.022 


<0.001 


0.009 


- -  - 

0.133 

0.154 

0.011 

0.018 

0.010 

0.014 

0.36 

8.34 

0.002 

0.036 

0.003 

NS 

0.011 

0.008  i 

0.007 

0.014 

NS 

0.01 

0.004 

0.006 

0.007 

0.008 

VMW-10-1 


VMW-25-1 P 


VMW-45-1 


VP-25 


VP-25  DUP 


VP-45 


DMW-25-1 


DMW-25-1  DUP 
DMW-75-1 


DMW-45-1  P 


SMW-75-1P 


SMW-75-1 


SMW-25-1 


SMW-25-1  DUP 
SMW-45-1 P 


0.020 


0.018 


0.008 


0.01 

<0.001 


VMW-75-1P 

NS 

NS 

NS 

0.011 

VMW-75-1 

NS 

NS 

NS 

0.005 

VMW-45-1  P 

NS 

NS 

NS 

0.006 

0848 

r  4654 

!  0900 

4251 

VP  =  Vapor  Probe  (Geoprobes)  -  direct  push 
NS  =  Not  Sampled 
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TABLE  4-3  SF6  CONCENTRATIONS  OBSERVED  IN 
SOIL  GAS  SAMPLES  -  DAY  2 

SF6  CONCENTRATION 


DMW-75-1 
SMW-75-1 
SMW-75-1  PUP 

DMW-75-1  P 
SMW-75-1  P 
VMW-75-1P 

DMW-45-1 
SMW-45-1 
SMW-45-1  PUP 

SMW-45-1  P 
VMW-45-1 P 

DMW-25-1 

SMW-25-1 

DMW-25-1  P 
SMW-25-1P 
VMW-25-1 P 

VP-10 

VP-25 _ 

VP-45 


0.014 

0.005 

NS 

0.005 

0.003 

NS 

0,005 

2.09 

1.98 

0.013 

NS 

0.005 

0.014 

0.009 

NS 

NS 

NS 

0.005 

0.003 


0.007 

0.006 

0.006 

0.068 

0.016 

0.004 

0.004 

0.006 

NS 

0.118 

0.037 

0.007 

0.375 

0.178 

6.1 

7.3 

24.9 

0.008 

0.517 


NS  =  Not  Sampled 

VP  =  Vapor  Probe  (Geoprobes) 
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of  injection  (Tables  4-2  and  4-3).  Data  from  both  the  vapor  probe  and  headspace  from  the 
monitoring  wells  indicate  higher  concentrations  of  SF6  closer  to  the  point  of  SF6  injection  into 
the  groundwater. 

Differential  pressures  (Table  4-4)  were  collected  once  during  Day  1  and  twice  during  Day  2  of 
the  tracer  study.  Differential  pressures  ranged  from  non-detect  to  +0.5  inches  of  water  during 
Day  1  and  Day  2  of  the  study.  In  general,  pressures  were  highest  in  the  wells  closest  to  the  point 
of  injection,  but  a  definite  trend  with  respect  to  distance  was  not  identified.  The  presence  of 
variable  pressures  further  away  from  the  injection  well  may  have  indicated  that  flow  channeling 
was  occurring  during  the  study.  Measurable  differential  pressure  (>0.1  inches  of  water) 
readings  were  observed  at  some  of  the  shallow  75  ft  monitoring  points.  The  data  indicates 
minimal  differential  pressure  was  measured  in  the  deeper  groundwater  monitoring  wells. 

4.2  GROUND  WATER 

4.2.1  Sample  Collection  and  Analytical  Methods 

Ground-water  samples  were  collected  using  dedicated  Teflon  bailers  into  40-mL  VOA  bottles 
with  Teflon-lined  septa.  Monitoring  wells  were  not  purged  prior  to  sample  collection.  Although 
the  wells  were  not  purged,  the  data  does  show  the  gas  reached  the  well  and  the  data  should  be 
comparable  to  geoprobe  concentrations.  The  geoprobes  were  installed  to  evaluate  if  preferential 
flow  paths  traveled  to  existing  monitoring  wells.  The  location  of  the  geoprobe  vapor  monitoring 
wells  are  presented  in  Figure  5-1.  There  may  be  some  bias  for  higher  concentrations  since  the 
wells  were  not  purged.  VOA  bottles  were  filled  halfway  in  order  to  allow  for  headspace  analysis 
(minor  differences  in  the  volume  of  ground  water  added  to  the  vial  would  not  affect  the  resultant 
concentration  since,  according  to  Henry’s  Law,  the  amount  of  a  given  VOC  that  partitions  to  the 
gas  phase  will  be  constant  at  a  given  temperature  and  pressure)  .  Samples  were  analyzed  by 
puncturing  the  septa  of  the  VOA  bottle  using  a  clean,  gas-tight  syringe  and  directly  injecting 
1000  (iL  of  the  headspace  into  the  GC/ECD.  Analysis  of  ground-water  samples  followed  the 
procedures  outlined  in  Section  4.1.1. 

4.2.2  QA/QC 

Data  quality  needs  were  determined  by  the  specified  compound  reporting  limits  and  the  QA/QC 
protocols  required  by  the  analytical  methods  used.  Analytical  gaseous  standards  were  used  to 
calibrate  the  GC/ECD  at  the  beginning  of  each  day  prior  to  the  analysis  of  any  samples,  once  in 
the  middle  of  each  day,  and  once  at  the  end  of  each  day  after  all  of  the  samples  had  been 
analyzed.  Analytical  blanks  (which  consisted  of  sampling  the  headspace  of  a  VOA  vial  half- 
filled  with  deionized  water)  were  analyzed  each  day  prior  to  any  analyses  and  at  the  end  of  each 
day  to  demonstrate  cleanliness  of  the  system.  In  addition,  analytical  blanks  were  analyzed 
throughout  the  day  as  deemed  necessary  by  the  onsite  environmental  chemist  to  demonstrate 
system  cleanliness.  Samples  were  analyzed  in  duplicate  for  ten  percent  of  the  total  samples  run. 
Gas  standards  (1  ppmv)  were  run  on  average  every  eight  samples. 


4-3 


TABLE  4-4 


DIFFERENTIAL  PRESSURE  MEASUREMENTS 


Bnnm 

i  wAS 

VMW-75-1P 

0.13 

0.1 

0.1 

SMW-75-1P 

0.13 

0.09 

0.1 

DMW-75-1P 

** 

0.02 

0.02 

VMW-45-1 P 

0 

0.25 

0.25 

SMW-45-1 P 

0.18 

0.21 

0.22 

DMW-45-1 P 

* 

0 

0.01 

VMW-25-1 P 

0.29 

0.43 

0.5 

SMW-25-1 P 

0.28 

0.2 

0.2 

DMW-25-1 P 

0.02 

0 

0.02 

VMW-1 0-1 P 

0.32 

0.5  1 

0.45 

SMW-10-1P 

0.32 

0.5 

0.5 

DMW-10-1P 

NS 

0 

0.05 

VMW-1 0-1 

0.21 

0.28 

0.3 

SMW-10-1 

NS 

0.14 

0.15 

DMW-10-1 

0.32 

0 

0.01 

VMW-25-1 

0.15 

0.2 

0.025 

SMW-25-1 

0 

o  ~1 

0.1 

DMW-25-1 

0 

0 

0.01 

VMW-45-1 

0.1 

0.15 

0.2 

SMW-45-1 

0.1 

0.02 

0.02 

DMW-45-1 

0 

6  1 

0 

VMW-75-1 

0.06 

0.1 

0.1 

SMW-75-1 

0.1 

0.1 

0.1 

DMW-75-1 

0 

0 

0 

NS  =  not  sampled 

*  under  vacuum  (-0.40")  until  equalized  pressure  then 
returned  to  0"  at  215  min  and  +0.08"  at  234  min 
**  under  vacuum  until  equalized  pressure  then 
returned  to  0"  at  235  min  and  0"  at  300  min 


Flow  rates:  Day  1  =  4.0  scfm;  Day  2  =  8  scfm 

VMW  =  Vadose  monitoring  well 
SMW  =  Shallow  monitoring  well 
DMW  =  Deep  monitoring  well 
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4.2.3  Results 


QA/QC  sample  results  were  within  acceptable  limits  for  the  analytical  protocol.  Ground-water 
blanks  were  non-detect  for  SF6.  The  deviation  between  duplicate  samples  was  within  0.002 
ppmv. 

Ground-water  samples  were  collected  at  the  end  of  each  day  just  before  the  sparge  system  was 
turned  off.  The  results  of  the  ground-water  headspace  samples  are  presented  in  Table  4-5. 

Tracer  gas  concentrations  ranged  from  non-detect  to  0.897  (SMW10-1)  and  1.062  ppmv 
(SMW25-1P),  on  Day  1  and  2  of  the  study,  respectively.  A  sample  collected  from  SMW10-1 
had  a  concentration  which  could  not  be  quantified  since  it  exceeded  the  calibrated  range  of  the 
GC.  Elevated  tracer  gas  concentrations  were  reported  from  the  most  distant  monitoring  points  in 
the  perpendicular  direction.  Samples  from  the  45  ft  intervals  in  the  parallel  direction  did  contain 
reportable  concentrations  of  tracer  gas. 

Based  on  SF6  concentrations  observed  in  groundwater  headspace  samples,  an  associated  aqueous 
concentration  was  calculated.  Using  the  maximum  SF6  tracer  gas  headspace  concentration  of 
1.062  ppmv,  a  groundwater  concentration  of  0.052  /^g/L  was  calculated  (see  Appendix  B).  This 
concentration  of  SF6  in  the  groundwater  was  lower  than  anticipated,  and  indicates  that 
qualitatively,  based  on  this  data,  that  the  influence  of  the  AAS  system  was  not  substantial. 
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TABLE  4-5  SF6  CONCENTRATIONS  OBSERVED  IN  GROUND- 
WATER  HEADSPACE  SAMPLES 


SF6CONCE 

HiTRATIQNSaitiillji 

MM 

BLANK 

<0.001 

<0.001 

SMW-75-1P 

0.011 

0.084 

DMW-75-1P 

0.037 

<0.001 

SMW-45-1 

0.01 

0.003 

SMW-45-1  DUP 

NS  "“l 

0.002 

DMW-45-1 

0.005 

0.001 

SMW-25-1 P 

0.311  1 

1.062 

BLANK 

<0.001 

<0.001 

DMW-25-1 P 

0.008 

0.098 

SMW-25-1 

0.012 

0.005 

DMW-25-1 

0.005 

0.006 

DMW-25-1  DUP 

0.003 

NS 

SMW-10-1 

0.897 

E 

DMW-10-1 

0.005 

0.542 

E  =  Unable  to  quantify,  concentration  out  of  range. 

NS  =  Not  Sampled 

Note:  Samples  were  collected  at  the  end  of  each  day  of  the  study. 
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5.  DATA  ANALYSIS  AND  INTERPRETATION 


5.1  SOIL  GAS 

From  the  data  presented  in  Tables  4-2  and  4-3,  the  SF6  concentration  isopleths  were 
approximated  in  Test  Area  1  as  an  indication  of  the  extent  and  preferential  flow  direction  within 
the  aquifer  at  Site  SS59.  These  isopleths  represent  the  evaluation  of  the  most  probable 
conditions  based  upon  interpretation  of  presently  available  data.  Some  variation  from  these 
conditions  must  be  expected. 

In  Figures  5-1  and  5-2,  the  shallow  well  isoconcentration  lines  in  Test  Area  1  are  depicted 
utilizing  the  data  from  the  last  sampling  interval  (in  order  to  reflect  the  equilibration  of  the 
aquifer  following  air  injection)  of  Day  1  and  2,  respectively.  Based  upon  the  data  collected  at 
the  end  of  Day  1,  the  distribution  of  tracer  gas  within  the  aquifer  appears  to  be  symmetrical 
throughout  the  test  area.  This  would  indicate  a  relatively  non-heterogeneous  soil  matrix  and 
pressure  distribution.  At  the  75  ft  intervals,  detectable  concentrations  of  SF6  were  reported  in 
both  the  parallel  and  perpendicular  flow  directions.  This  may  have  been  the  result  of 
preferential  flow  channeling  from  the  AAS-1  well  to  the  75  ft  monitoring  wells.  The  geologic 
cross-section  from  the  soil  borings  B-5  through  B-8  (Figure  1-5)  may  best  approximate  the 
(transverse)  stratigraphy  along  the  monitoring  wells  which  are  aligned  perpendicular  to  ground- 
water  flow  in  Test  Area  1.  Similarly,  Figure  1-7  may  best  represent  the  (longitudinal) 
stratigraphy  parallel  to  ground-water  flow.  From  these  figures,  which  are  based  upon  available 
geologic  information  characterizing  the  subsurface,  it  does  not  appear  as  though  this  channeling 
was  due  to  the  presence  of  lenses  in  the  vicinity  of  the  45  ft  monitoring  wells  since  most  of  the 
lenses  are  located  within  the  vadose  zone.  In  addition,  the  concentrations  of  tracer  gas  in  the 
geoprobe  point  at  45  ft  were  similar  to  the  concentrations  in  the  monitoring  well  at  45  ft.  At  the 
end  of  Day  2  (Figure  5-2),  this  increase  was  not  observed  at  the  75  ft  intervals.  However,  unlike 
Day  1,  the  concentrations  of  tracer  gas  were  slightly  greater  in  the  series  of  wells  which  were 
aligned  perpendicular  to  ground-water  flow.  This  may  have  been  the  result  of  new  flow 
channels  being  created  following  injection  at  a  higher  flow  rate. 

Overall,  the  data  collected  from  the  different  time  intervals  for  the  perpendicular,  shallow 
monitoring  wells  were  representative  of  the  response  expected  from  a  relatively  non- 
heterogeneous  aquifer  matrix  (Figure  5-3).  Here,  the  concentration  of  tracer  gas  at  each 
monitoring  distance  increased  with  time  and  decreased  with  distance  from  the  point  of  injection. 
In  the  parallel  direction  during  Day  1  of  the  study  (Figure  5-4),  only  the  wells  10  ft  from  AAS-1 
appeared  to  show  increasing  concentration  with  time;  however,  the  concentrations  did  typically 
decrease  with  increasing  distance.  Elevated  concentrations  of  tracer  gas  were  observed  at  75  ft 
in  both  the  parallel  and  perpendicular  directions.  The  elevated  concentrations  indicated  that  the 
system  was  able  to  affect  the  aquifer  up  to  75  ft.  from  AAS-1,  but  due  to  observed  SF6 
concentration  as  compared  to  the  injected  concentration,  this  effect  was  not  very  substantial  at 
this  distance.  The  increase  of  the  injection  flow  rate  on  Day  2  of  the  study  did  increase  the 
concentrations  of  SF6  within  the  ROI  of  AAS-1  (up  to  45  ft)  but  it  did  not  appear  to  extend  the 
ROI  since  these  values  were  similar  to  those  reported  at  lower  flow  rates. 
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Figure  5-3  SF6  in  Soil  Gas 
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Figure  5-4  SF6  in  Soil  Gas 

Parallel  Shallow  Wells 
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Figure  5-5  SF6  in  Soil  Gas 

Geoprobe  Points  (Shallow) 
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The  data  collected  from  the  deep  wells  presented  conflicting  preferential  flow  directions  over  the 
two  days  of  the  tracer  study.  As  shown  in  Figures  5-6  and  5-7,  the  sparge  well  appeared  to  have 
a  greater  influence  in  the  parallel  direction  on  Day  1  and  in  the  perpendicular  direction  on  Day  2. 
Again,  the  conflict  could  have  been  attributed  the  formation  of  new  flow  channels  in  the 
perpendicular  direction  after  injecting  at  the  higher  flow  rate  and  pressure. 

It  can  be  seen  in  Figures  5-8  and  5-9  that  the  effect  of  sparging,  as  indicated  by  SF6 
concentrations  at  the  deeper  monitoring  points,  was  greatly  reduced.  Due  to  the  low  solubility 
and  density  of  the  tracer  gas,  the  SF6  was  transported  toward  the  surface  faster  than  the 
horizontal  transport  mechanisms.  Thus  most  of  the  tracer  gas  migrated  toward  the  vadose  zone 
prior  to  reaching  the  deeper  monitoring  points,  particularly  those  situated  further  from  the  point 
of  injection.  However,  low  concentrations  of  SF6  were  reported  from  the  75  ft  intervals  and 
suggest  a  similar,  although  less  prominent,  ROI  as  inferred  from  the  shallow-well  data.  A  ROI 
which  reaches  the  45  ft  intervals  is  more  evident  from  these  data,  particularly  in  the  series  of 
wells  which  are  parallel  to  ground-water  flow.  As  observed  in  the  shallow  well  data,  the 
increase  in  the  injection  flow  rate  on  Day  2  of  the  study  increased  the  concentrations  of  SF6 
within  the  ROI  of  AAS-1  but  did  not  appear  to  extend  the  ROI  past  the  75  ft  interval. 

Soil  gas  data  were  also  collected  from  the  unsaturated  (vadose)  zone  in  Test  Area  1 .  These  data 
are  not  directly  indicative  of  the  efficiency  of  an  AAS  system,  but  may  still  relate  some 
information  regarding  transport  mechanisms.  Since  the  ROI  of  an  AAS  system  is  typically 
determined  from  the  samples  collected  within  the  saturated  zone,  a  reduced  data  set  was 
collected  for  the  vadose  zone.  As  shown  in  Figures  5-10  through  5-13,  diffusion  into  the 
unsaturated  zone  appeared  to  be  most  significant  within  45  ft  from  the  point  of  injection. 
However,  elevated  concentrations  of  tracer  gas  were  still  present  at  the  most  distant  monitoring 
points  (indicating  a  ROI  of  75  ft).  From  these  data,  it  is  unclear  whether  preferential  flow  paths 
were  present  within  the  vadose  zone.  As  in  the  shallow  and  deep  wells,  the  increase  in  the 
injection  flow  rate  on  Day  2  of  the  study  increased  the  concentrations  of  SF6  within  the  ROI  of 
AAS-1  but,  overall,  it  did  not  appear  to  significantly  extend  the  ROI. 

Overall,  the  observed  concentrations  of  SF6  in  soil  gas  were  generally  lower  than  anticipated. 
Based  upon  the  injection  flow  rate,  it  was  estimated  that  approximately  692.0ppmv  and 
1697.9ppmv  should  have  been  present  within  40ft  of  AAS-1  on  day  1  and  day  2  of  the  study, 
respectively  (assuming  uniform  distribution  of  the  tracer  gas).  The  observed  soil  gas 
concentrations  varied  from  0.005  to  8.34  ppmv,  and  .004  to  24.9  ppmv,  at  the  end  of  Day  1  and 
Day  2,  respectively.  One  factor  which  accounts  for  these  lower  concentrations  assumed  that 
equilibrium  conditions  existed.  As  shown  in  Appendix  B,  an  insufficient  mass  of  SF6  was 
injected  in  order  to  achieve  equilibrium  throughout  the  ROI.  A  second,  and  more  critical,  factor 
was  that  a  significant  quantity  of  the  injected  air  and  SF6  was  likely  to  be  transported  to  the 
vadose  zone  and  the  atmosphere  in  the  immediate  vicinity  of  the  sparge  well.  Accordingly,  a 
portion  of  the  SF6  mass  would  be  lost  prior  to  reaching  the  10ft  monitoring  intervals.  The  soil 
gas  SF6  concentrations  which  were  observed  during  this  study  may  indicate  that  the  system  can 
affect  the  aquifer  between  45  to  75ft  from  AAS-1  but,  qualitatively,  the  degree  of  this  effect  may 
be  limited  as  the  distance  from  the  sparge  well  increases. 
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Figure  5-8  SF6  in  Soil  Gas 

Parallel  Deep  Wells 
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Figure  5-9  SF6  in  Soil  Gas 

Perpendicular  Deep  Wells 
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Figure  5-12  SF6  in  Soil  Gas 

Parallel  Vadose  Wells 
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Vertical  profiles  of  soil  gas  SF6  concentrations  are  presented  in  Figures  5-14  through  5-17  with 
respect  to  the  distance  from  the  point  of  injection.  As  an  indication  of  the  greatest  effect  from 
the  sparge  well,  only  the  data  which  were  collected  from  the  final  sampling  interval  of  each 
study  day  were  shown  in  these  graphs.  Here,  it  appears  that  the  greatest  influence  from  sparging 
in  AAS-1  was  realized  in  the  shallow  aquifer  zone  (7  to  17  ft  bgs).  The  screened  interval  of  the 
sparge  well  is  between  41  and  46  ft  bgs.  Due  to  the  low  solubility  and  density  of  the  tracer  gas, 
the  vertical  migration  of  SF6  was  greater  than  the  horizontal  transport  mechanisms.  As 
previously  mentioned,  this  resulted  in  decreasing  concentrations  with  increasing  distance  from 
the  point  of  injection.  The  deep  monitoring  wells  are  screened  from  3 1  to  36  ft  bgs  and 
generally  only  could  receive  tracer  gas  through  diffusion/advection  (of  the  dissolved  fraction) 
and  flow  channeling  (of  gaseous  tracer  gas).  Some  of  the  higher  concentrations  reported  from 
the  75  ft  intervals  in  both  the  shallow  (e  g.,  Figure  5-15)  and  deep  monitoring  points  (e.g,  Figure 
5-17)  could  have  been  the  result  of  flow  channeling.  It  should  also  be  noted  that  the  shallow 
monitoring  wells  are  screened  across  the  water  table  (typically  between  1 1  and  12  ft  bgs)  and, 
therefore,  these  samples  were  affected  by  tracer  gas  in  both  the  saturated  and  vadose  zone. 

It  is  also  useful  to  compare  the  ground-water  tracer  gas  concentrations  to  those  observed  in  soil 
gas.  This  is  due  to  the  fact  that  the  ROI  observed  during  the  tracer  study  can  be  biased  by  the 
mass  transfer  of  tracer  gas  from  the  vapor  to  the  aqueous  phase.  The  soil  gas  samples  from  the 
soil  vapor  probes  are  diluted  due  to  the  screen  length  within  the  vadose  zone,  and  thus  the 
sample  concentrations  would  be  lower.  As  the  injected  air  travels  through  the  saturated  zone  to 
the  more  distant  monitoring  points,  more  time  is  allowed  for  the  tracer  gas  to  enter  the  aqueous 
phase.  Thus,  the  actual  influence  of  the  sparge  well  may  be  underestimated  at  the  more  distant 
points  when  considering  the  vapor  data  alone.  A  discussion  of  the  ground-water  data  is 
presented  in  Section  5.2. 

5.2  GROUNDWATER 

Tracer  gas  which  remained  dissolved  in  ground  water  was  predominantly  found  in  the  vicinity  of 
the  injection  well  (i.e.,  within  25  ft)  (Figures  5-18  and  5-19).  This  was  to  be  expected  since  the 
solubility  of  SF6  is  relatively  low  (approximately  2.4  mg/L)  and,  therefore,  the  majority  of  the 
injected  gas  would  be  transported  to  vadose  zone  of  the  aquifer.  The  concentrations  of  dissolved 
SF6  from  the  point  of  injection  appeared  to  be  greater  in  the  series  of  wells  which  were 
perpendicular  to  ground-water  flow.  It  should  be  noted  that  ground-water  samples  were  not 
collected  from  the  75  ft  intervals  in  the  parallel  direction.  Again,  the  greatest  influence  on  the 
aquifer  was  observed  to  be  generally  in  the  region  of  the  shallow  monitoring  wells  in  both  the 
parallel  and  perpendicular  directions  (Figures  5-20  and  5-21).  Overall,  based  upon  the  ground- 
water  data,  the  sparge  well  in  Test  Area  1  appeared  to  have  some  influence  on  the  aquifer  75  ft 
from  the  point  of  injection  (in  the  perpendicular  direction)  with  respect  to  dissolving  gases  in 
ground  water;  however,  due  to  the  low  observed  concentrations,  the  degree  of  this  effect  within 
the  ROI  does  not  appear  to  be  sufficient  to  extend  the  ROI  to  this  distance. 

As  described  in  section  5. 1  (Soil  Gas),  it  was  anticipated  that  a  portion  of  the  injected  tracer  gas 
would  be  transported  to  the  vadose  zone  and,  subsequently,  to  the  atmosphere,  prior  to  reaching 
the  10ft  monitoring  intervals.  This  effect  is  reflected  in  the  fact  that  the  observed  SF6 
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Figure  5-14  Vertical  Profiles 

Soil  Gas  SF6  -  Parallel  Direction 


Figure  5-15  Vertical  Profiles 

Soil  Gas  SF6  -  Perpendicular  Direction 
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Figure  5-16  Vertical  Profiles 

Soil  Gas  SF6  -  Parallel  Direction 


Figure  5-17  Vertical  Profiles 

Soil  Gas  SF6  -  Perpendicular  Direction 


o 

(A-uidd)  uouBJjueouoo  9dS 


F:\PROJ\6037826\TRACER\FIG-VGAS.WB2 


Figure  5-18  SF6  in  Ground  Water 

Parallel  Direction  Wells 


Distance  from  AAS-1  (ft) 


Figure  5-19  SF6  in  Ground  Water 

Perpendicular  Direction  Wells 
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Figure  5-20  Vertical  Profiles 

Ground-Water  SF6  -  Parallel  Wells 


Figure  5-21  Vertical  Profiles 

Ground-Water  SF6  -  Perpendicular  Wells 


f:\proj\6037826\tracer\fig-gw.wb2 


concentrations  in  the  ground-water  headspace  samples  within  the  ROI  (a  maximum  groundwater 
concentration  of  0.052  //g/L)  were  far  lower  than  the  anticipated  SF6  concentrations  (Appendix 
B).  During  AAS,  inadequate  contact  and  contaminant  transfer  between  the  injected  air  and  the 
dissolved  contaminants  will  result  in  reduced  system  efficiency  since  COCs  will  be  volatilized  at 
a  slower  rate. 

5.3  DIFFERENTIAL  PRESSURE 

Figures  5-22  through  5-27  depict  the  variations  of  differential  pressure  observed  over  the 
duration  of  the  tracer  study  with  respect  to  distance  from  AAS-1 .  The  axis  representing  the 
differential  pressures  are  drawn  to  the  same  scale  for  ease  of  comparison.  From  the  literature, 
differential  pressures  which  correspond  to  the  radial  zone  of  influence  for  an  AAS  system  are 
site  specific  and  have  been  reported  to  range  from  +0.01  to  +1.0  inches  of  water  (Brown  et  al., 
1991;  Leonard  and  Brown,  1992,  respectively). 

Table  5.3-1  presents  a  summary  of  the  number  of  monitoring  wells  which  showed  an  influence 
(>0. 1  inches  of  water)  due  to  AAS  with  respect  to  differential  pressure.  The  actual  differential 
pressure  data  for  each  of  these  wells  is  presented  in  Table  4-4.  Overall,  slightly  greater  than  half 
of  the  wells  appeared  to  be  influenced  by  the  injection  into  AAS-1  during  day  1  and  2  of  the 
study.  Table  5.3-1  also  summarizes  the  effected  wells  with  respect  to  depth  (vadose,  shallow, 
and  deep  wells).  Here,  it  can  be  seen  that  there  was  minimal  affect  in  the  deep  monitoring 
points.  However,  almost  all  of  the  shallow  and  vadose  monitoring  wells  had  reported  a  pressure 
reading  which  was  greater  than  +0. 1  inches  of  water,  even  at  the  75ft  monitoring  intervals. 

These  data  suggest  that  AAS  in  this  area  is  able  to  influence  the  aquifer  up  to  75ft  from  the  point 
of  injection  in  the  vadose  and  shallow  zones  but  would  have  little  or  no  effect  at  greater  depths. 

Figure  5-22  is  typical  of  the  differential  pressure  distribution  for  an  AAS  system.  Here,  the 
positive  pressure  induced  by  the  injected  air  both  increased  with  higher  injection  flow  rates  and 
decreased  with  distance  from  the  point  of  injection. 

Based  upon  the  differential  pressures,  the  effect  of  the  injection  well  was  much  less  pronounced 
in  the  deep  monitoring  wells  as  compared  to  the  shallow  and  vadose  wells,  (+0.01  inches  of 
water  with  an  injection  flow  of  8.4  scfm)  at  a  distance  of  25  ft  from  AAS-1 .  The  influence  in 
the  perpendicular  direction  may  have  reached  the  75  ft  interval,  but  again,  the  influence  at  this 
depth  was  less  pronounced  (+0.02  inches  of  water  with  an  injection  flow  of  8.4  scfm). 

In  general,  the  differential  pressures  were  slightly  greater  in  the  series  of  wells  which  were 
aligned  perpendicular  to  ground-water  flow.  This  corresponded  to  some  of  the  trends  inferred 
from  the  soil  gas  and  ground-water  analyses  (Sections  5.1  and  5.2,  respectively)  which  had 
higher  concentrations  of  SF6  in  the  perpendicular  direction.  A  comparison  was  drawn  between 
the  differential  pressures  and  the  concentrations  of  tracer  gas  observed  in  each  monitoring  well 
(Figures  5-28  to  5-33).  In  theory,  greater  influences  from  the  sparge  well  (as  indicated  by  higher 
differential  pressures)  should  correlate  to  higher  concentrations  of  tracer  gas.  It  should  be  noted 
that  this  correlation  also  can  be  affected  by  the  distance  from  the  point  of  injection  because  of 
partitioning  into  the  aqueous  phase,  and  dilution.  Vapor  samples  collected  from  the  distant 
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Figure  5-23  Variation  of  dP 

VMW  Perpendicular  to  Ground-Water  Flow 
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5-24  Variation  of  dP 

Perpendicular  to  GroundWater  Flow 
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Table  5.3-1 


Number  of  Wells  Showing  Effect  with  Respect  to  Differential  Pressure 
Dover  AFB  Site  SS59  SF6  Tracer  Gas  Study 
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notes:  <0.1"  H20  indicates  Minimal  to  No  Effect 

=>  0.1"  H20  indicates  Positive  Effect 
See  Table  4-4  for  the  original  data. 
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Summary  -  Deep  Monitoring  Wells 
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Figure  5-28  Soil  Gas  SF6  vs.  dP 

Shallow  Monitoring  Wells  -  Day  1 
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Figure  5-29  Soil  Gas  SF6  vs.  dP 

Deep  Monitoring  Wells  -  Day  1 
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Figure  5-30  Soil  Gas  SF6  vs.  dP 

Vadose  Monitoring  Wells  -  Day  1 


CD'tOJi-cOCD^-CMO 


’'--'-'‘-oOOOO  I  1 

ooo  oooo  ;  1 

(A-LUdd)  UO!}BJ}U80UOQ  9-Jg  P 

i  H 

1  to 

— - _J  I 

o 

1 


Q_ 

•a 

co 

>  £ 

»  « 


StOlO^OMrO 

(A-iudd)  uo!jej}u8ouoo  gjs 


F:\PROJ\6037826\TRACER\FIG-C-DP.WB2 


Figure  5-32  Soil  Gas  SF6  vs.  dP 

Deep  Monitoring  Wells  -  Day  2 


Differential  Pressure  (inches  of  H20) 


Figure  5-33  Soil  Gas  SF6  vs.  dP 

Vadose  Monitoring  Wells  -  Day  2 
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monitoring  points  may  have  been  biased  toward  lower  concentrations  of  SF6  since  more  time 
was  allowed  for  the  mass  transfer  of  tracer  gas  to  the  aqueous  phase.  In  this  case,  it  would  then 
be  possible  to  have  wells  with  a  positive  differential  pressure  yet  still  are  non-detect  for  SF6. 
Thus,  correlations  presented  in  this  manner  should  be  taken  more  as  a  qualitative  indication  of 
the  sparge  well’s  influence  within  the  aquifer.  As  shown  in  Figures  5-28  through  5-33,  increases 
in  tracer  gas  concentrations  were  weakly  correlated  to  increases  in  differential  pressure.  Flow 
channeling  through  the  saturated  and  vadose  zones  of  the  aquifer  may  explain  these  deviations. 

5.4  SUMMARY 

Elevated  soil  gas  concentrations  of  SF6  were  observed  75  ft  from  the  point  of  injection, 
particularly  in  the  shallow  monitoring  points.  Some  indication  of  an  influence  that  extends  to  75 
ft  was  present  in  the  deep  wells  but  the  effect  at  this  distance  was  less  significant  and  a  45  ft  ROI 
is  a  more  appropriate  estimate  for  both  depths.  During  Day  1  of  the  study,  the  distribution  of 
SF6  in  Test  Area  1  appeared  to  be  symmetrical  in  the  shallow  monitoring  points.  A  slight, 
increased  influence  toward  the  series  of  wells  which  are  aligned  parallel  to  ground-water  flow 
may  have  been  present  in  the  vadose  and  deep  monitoring  points.  However,  during  Day  2  of  the 
study,  there  appeared  to  be  a  greater  influence  in  the  series  of  wells  which  are  perpendicular  to 
ground-water  flow  in  both  the  shallow  and  deep  monitoring  points  (insufficient  data  were 
available  to  identify  trends  in  the  vadose  zone).  This  may  have  been  due  to  the  creation  of  new, 
preferential  flow  channels  in  the  perpendicular  direction  resulting  from  the  increase  in  flow  rate 
and  injection  pressure.  In  addition,  existing  flow  channels  may  have  remained  open,  and  the 
increased  air  flow  rate  may  have  dewatered  and  enlarged  them.  Based  upon  the  available 
geologic  data,  it  did  not  appear  as  though  this  flow  channeling  was  due  to  the  presence  of  lenses 
within  the  site  since  these  are  predominantly  located  within  the  vadose  zone  of  the  aquifer.  In 
general,  the  increase  in  the  injection  flow  rate  on  Day  2  also  increased  the  concentrations  of  SF6 
within  the  ROI  of  AAS-1  but,  overall,  this  did  not  appear  to  significantly  extend  the  ROI. 

Overall,  the  results  suggest  that  the  AAS  system  was  able  to  affect  the  aquifer  at  distances  up  to 
45  ft  but,  since  the  observed  SF6  concentrations  were  far  lower  than  anticipated,  the  degree  of 
this  effect  was  minimal  at  45  ft. 

Elevated  ground-water  concentrations  of  SF6  were  observed  at  distances  up  to  45  (parallel 
direction)  and  75  ft  (perpendicular  direction)  from  the  point  of  injection,  particularly  in  the 
shallow  monitoring  wells.  A  reduced  influence  was  observed  in  the  deeper  monitoring  points. 
Although  not  indicative  of  the  true  ROI  of  an  AAS  well,  these  data  may  provide  information 
regarding  the  extent  to  which  the  system  is  influencing  ground  water  at  the  site. 
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6.  CONCLUSION 


The  observed  soil  gas  SF6  concentrations  indicate  an  influence  due  to  AAS  up  to  45  ft  in  both 
the  shallow  zone  (7  to  17  ft  bgs)  and  in  the  deep  zone  (3 1  to  36  ft  bgs)  of  the  aquifer.  The 
observed  ground-water  SF6  concentrations  were  much  lower  than  anticipated  and  indicated  a 
minimal  influence.  The  observed  differential  pressure  data  suggested  a  positive  influence  (^0. 1 
inches  of  water)  due  to  AAS  up  to  between  45  and  75  ft  in  the  shallow  zone  with  little  or  no 
effect  in  the  deep  zone.  In  general,  the  ROI  which  may  be  estimated  from  this  data  are  in 
agreement  with  the  ROI  which  was  estimated  during  the  initial  Treatability  Study  (45  ft). 

Increasing  the  flow  rate  from  4.0  scfm  to  8.4  scfm  on  Day  1  and  2  of  the  test,  respectively, 
increased  the  concentrations  of  tracer  gas  throughout  the  aquifer  but,  overall,  this  did  not  appear 
to  significantly  extend  the  ROI. 

On  Day  1  of  the  study,  the  tracer  gas  distribution  throughout  the  test  area  appeared  to  be 
relatively  symmetrical  in  the  shallow  (7  to  17  ft  bgs)  zone  with  a  possible  preferential  flow 
regime  aligned  parallel  to  ground-water  flow  in  the  vadose  (3  to  8  ft  bgs)  and  deep  (31  to  36  ft 
bgs)  zones.  When  the  injection  pressure  and  flow  rate  was  increased  on  Day  2  of  the  study,  the 
preferential  flow  path  appeared  to  shift  in  a  direction  which  was  perpendicular  to  ground-water 
flow. 

Overall,  the  AAS  system  appeared  to  have  some  influence  on  the  aquifer  (with  some  flow 
channeling)  up  to  45  ft  but,  since  the  observed  SF6  concentrations  were  lower  than  anticipated, 
the  degree  of  this  effect  appeared  to  be  minimal  at  45  ft. 
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ATTACHMENT  B 


CALCULATIONS  FOR  MAXIMUM  SF6  AT  DOVER  AFB 


Assumptions: 

Depth  of  Air  Injection  =  35'  BWT  This  focuses  only  on  the  zone  below  the  water  table 

Radius  of  Influence  of  40'  Does  not  account  for  Unsaturated  Zone  (USZ) 

Total  Porosity  =  0.35  partitioning  or  for  mass  present  in  the  USZ 

Air  Porosity  =  0.05 
Water  Porosity  =  0.30 

Vw  =  Volume  of  Water  in  Ri  =  pi*  r2*  35'*  0.30 

H  =  121.7  (dimensionless)  for  SF6  121.7  from  Groundwater  31,5,  1993:  Wilson  and  Mackay 

Cg,i  =  4250  ppm(v/v)  =  25.39  mg/L  (air)  25.39  Calc,  from  EA  SF6  report 

(i=inlet  gas  concentration) 

The  maximum  aqueous  phase  SF6  concentration  =  Cl,i  =  Cg,i/H 

Cl,i  =  0.209  mg/L  (water)  or  209  ppb  SF6  max.  aqueous  phase  SF6  concentration 

VwinRi  52785.6  ft3 

Vw  in  Ri  394836.288  gallons  water  1494455.35  liters  water  vol.  of  pore  water  in  area  of  infl.  below 

water  table 

Mi  =  mass  of  SF6  needed  for  all  of  this  water  to  contain  Cl,i  =  0.209  mg/L  (water) 

Mi  =  312341.168  mg  SF6  0.31234117  Kg  SF6 

to  compare  1.07  Kg  was  actually  injected  on  DAY  1 

and  1 .57  was  injected  on  Day  2  (this  is  only  SF6  in  water) 

Since  we  assume  that  0.05  contains  air  and  that  the  air  contain  SF6  at  the  injection  Concentration 
Va  =  Volume  of  air  in  Ri 

VainRi  8797.6  ft3  248972.08  liters  air 

Mi  needed  to  have  SF6  in  soil  air  equal  to  injection  concentration 

Mi  6321401.11  mg  SF6  6.32140111  Kg  SF6  this  is  SF6  in  gas  phase  of  infl.  zone 

below  water  table 

so  this  means  that  the  mass  of  injected  SF6  was  inadequate  for  equilibrium  to  be  reached 
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ATTACHMENT  B  (continued) 


An  example  is  provided: 

Assume  that  the  1.08  Kg  of  SF6  injected  during  the  first  day  is  in  equilibrium  with  the  gas  and  aqueous 
phases 

Mt  =  Mg  +  Ml,  where  Mg  =  Cg  *  VI  and  Ml  =  Cl  *  VI 
solve  for  Cg,  Mg  =  Cg  *  Va  and  Ml  =  Cg/H  *  Vw 


Cg  = 

4.13394106  mg/L  (air) 

691.975168  ppmv  in  air 

Cl  = 

0.03396829  mg/L  (water) 

34  ppb  in  water 

considering  the  total  volume  of  injected  SF6  from  both  days 


MT  = 

2.65 

Cg  = 

10. 1434665  mg/L  (air) 

1697.90203  ppmv  in  air 

Cl  = 

0.083348 12  mg/L  (water) 

83.3  ppb  in  water 

If  equilibrium  between  the  gas  and  liquid  phase  is  reached  quickly  then  the  aqueous  phase  can  act  as  a 
scrubber  (absorption  operation)  and  significantly  reduce  the  SF6  concentration  prior  to  the  gas  phase 
reaching  the  water  table.  Once  adequate  mass  of  SF6  is  injected  then  higher  gas  phase  and  aqueous  phase 
concentrations  would  likely  be  observed  in  Unsaturated  zone.  This  would  clearly  take  place  closer  to  the 
borehole  first. 


Calculated  by:  GEH  12  June  1995 
Checked  by:  TRH  12  June  1995 
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Appendix  B 
Calculation  Sheets 


(1)  -  Estimated  data. 

(2)  -  For  determining  total  emission  rates,  a  concentration  of  zero  was  assumed  for  analytes  which  were  non-detect. 

(3)  -  First  sampling  event  after  the  horizontal  vent  trench  was  installed. 


Cleanup  Timeframe  Estimation  for  a  Full-Scale  AAS/SVE  System 

Dover  AFB  -  Site  SS59 


Project  Number  60378.26 

Calculated  by:  JDR  22  March  95 

Checked  by:  TRH  23  March  95 


The  following  assumptions  and  calculations  were  utilized  to  estimate  the  cleanup  timeframe  for 
ground  water  using  a  full-scale  AAS/SVE  system  at  Site  SS59  (formerly  part  of  Site  WP-21). 

The  estimates  provided  below  consider  the  entire  area  of  attainment  and  are  based  upon  data 
collected  during  the  extended  pilot  study  (June  1994  to  January  1995). 

ASSUMPTIONS: 

1.  No  active  sources  of  VOCs  are  present  within  Site  SS59. 

2.  No  VOCs  will  enter  Site  SS59  from  other  sites  during  the  estimated  timeframe. 

3.  No  natural  attenuation  of  VOCs  due  to  biodegradation,  chemical  transformation,  or 

decay  processes  will  occur  during  the  estimated  timeframe. 

4.  No  residual  LNAPLs  and  DNAPLs  are  present  within  the  site. 

5.  Instantaneous  equilibrium  between  the  aqueous-  and  adsorbed-phase  COCs  occurs. 

CALCULATION  PROCEDURE: 

1.  Total  VOC  mass  within  the  site  -  assumptions 

a.  The  concentration  of  total  VOCs  is  8,014  ug/L  (based  upon  the  ground-water 
results  following  the  extended  pilot  study).  As  a  conservative  measure,  the 
maximum  concentration  data  was  used  to  estimate  the  total  mass  in  the 
aqueous  phase.  A  clean-up  goal  of  a  90%  reduction  for  the  individual  VOCs 
and  the  total  of  the  seven  ethylene-based  VOCs  of  concern  (1,1-DCA,  1,1- 
DCE,  1,2-DCA,  1,2-DCE,  TCE,  PCE,  and  VC),  was  established  for  Site  SS59 
(EA,  1994c).  Removal  of  the  entire  estimated  mass  present  was  used  for 
these  calculations  in  order  to  provide  a  more  conservative  estimate  of  the  time 
for  remediation. 

b.  The  area  of  attainment  is  66,700  sq.  ft.  for  Site  SS59. 

c.  The  average  depth  of  the  saturated  zone  is  34  ft  at  Site  SS59. 

d.  A  porosity  of  30%  was  assumed. 

e.  Considering  the  majority  of  VOCs  present  at  the  site  are  TCA,  PCE,  DCE, 
and  TCE,  the  average  partition  coefficient  Kd  =  0.45  was  chosen  (Michael  et 
al.,1991) 

f.  The  bulk  density  of  the  soil  is  equal  to  1 .66  gram/cm3  (based  upon  the 
sand/silty  sands  present  in  the  aquifer). 
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ESTIMATED  TOTAL  VOC  MASS  (AQUEOUS  PHASE) 

=  (66,700  sf  x  34  fit)  x  2.832  x  (10E-2  m3/1.0  ft3)  x  (1000  L  / 1  m3)  x  (8,014  ug/L) 
x  0.3 

=  1.54E+11  (ug) 

=  340  (lbs) 

ESTIMATED  TOTAL  VOC  MASS  (ADSORBED  PHASE) 

=  (66,700  sf  x  34  ft)  x  2.832  x  (10E-2  m3/1.0  ft3)  x  (10E+6  cm3/m3)  x  (1.66 
gram/cm3)  x  (lkg/10E+3  gram)  x  0.45  x  (8,014  ug/L) 

=  3.85E+1 1  (ug) 

=  847  (lbs) 

Therefore,  the  estimated  total  VOCs  mass  within  Site  SS59 

=  VOC  mass  (aqueous  phase)  +  VOC  mass  (adsorbed  phase) 

=  340  (lbs)  +  847  (lbs) 

=  1,187  (lbs) 

2.  VOC  MASS  REMOVAL  RATE  (LBS/DAY)  FOR  THE  AAS/SVE  SYSTEM 

Based  on  the  results  from  the  extended  pilot  study,  the  average,  time-weighted, 
VOC  mass  removal  rate  was  0.05  lb/day.  This  removal  rate  is  utilized  below  to 
estimate  the  minimum  time  necessary  to  remediate  Site  SS59. 

3.  ESTIMATED  TIME  FOR  THE  REMEDIATION  OF  SITE  SS59 

Assume  the  full-scale  system  will  use  1 1  SVE  wells  (based  upon  the  area  of 
attainment  and  the  ROI  of  the  AAS  wells). 

Removal  of  Entire  VOC  Mass  Present 

Time  (yr)  =  Total  VOC  mass  /  Mass  removal  rate  for  the  whole  system 
=  1,187  lbs  /  (0.05  lb/well-day  x  1 1  wells  x  365  day/yr) 

=  5.9  years 

Removal  of  VOC  Mass  until  90%  Clean-Up  Goal  is  Attained 

Time  (yr)  =  (1 ,1 87  lbs)  x  (0.9)  /  (0.05  lb/well-day  x  1 1  wells  x  365  days/year) 

=  5.3  years 
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Appendix  C 

Well  Purging  Records  -  May/June  1994 


Field  record  of  well  gauging, 
purging,  and  sampling 


Location: 
Wei  No.: 
Weather: 


—  7  r  -  Wel  Dlam.  o?  ' 


17 


y<7  >  f  V 


7T 


Well  condition:  l  <■  c.  * 


Oate:  3/ ^^-7  ?*■/ 


Time:  ~J  <?• 


1<S  'Z. ~ 


Slickup /Flush? _ 

Odor  (if  ony): _ 

* 

1 .  Wel  Depth: 

2.  Depth  to  Liquid: 


/4.;/ 


Sounding  Method^ 
Reference:  Z^Z. 


37.$  / 


3.  Depth  to  Water:  £_H-B — - 

4.  Liquid  Column:  2-LlJL-^- - 

5.  Liquid  Volume:  _ (fz _ 1—^ — - 

Pump  Dry?  . 

Describe:  d£Z£Z  ZJ-StZJ, - {hzllZ.  'i- 


Purge  Method:  J?  ^  rv 

Pirge  rate:  ,P_  J  __ 

Purge  Time:  _ _ _ 

Purge  Volume:  ^ _ 


Samplers: 
Sample  date: 
Sample  Type: 


^r-r 


f-- 


Sample  Time:  /  ~7  ?  o 

_SpGt? 

With  Whom? _ 


7*.  6 


2^V_ 


*****  ^ 
-  ^»»s  /  5 


Comments: 


Field  record  of  well  gauging, 
purging,  and  sampling 


Location:  _ s- ’ZZZ—ZlL  Dote:  °  ^  2. 


Wei  No.: 

J> 7-v"  -?  s  -  Wei  Dlam.  2 

Time:  z?  <= 

Weather: 

O' 

s 

Wei  condition: 

^ r»--  /-c>c^ 

Sounding  Method:  2T 

Slickup /flush? 

f/t.j// 

Reference: 

Odor  (if  any): 


1 .  Wei  Depth: 

2.  Depth  to  Liquid: 

3.  Depth  to  Water: 

4.  Liquid  Column: 

5.  Liquid  Volume: 

Pump  Dry?  /i/t? 
Describe:  _ 


g_ff_o 


Purge  Method: 

Purge  rate:  _ 

Purge  Time:  _ 

Purge  Volume:  ^  £ 


Samplers:  ~J/3  5 _ 

Sample  date:  r-  L  jC 

Sample  Type:  ZZJ. 


Comments: 


££_  1 


Sample  Time:  /  TJ  •£ 
SpGt? 

With  Whom?  _ _ 


Field  record  of  well  gauging, 
purging,  and  sampling 


Location: 


Wei  No.: 


Weather: 


Wei  Dlam* 


/£*  -  £  /cts£>  Y 


Wei  condition: 


Sticlajp/nush?_ 

1* 

Odor  (if  any):  _ 


1 .  Wei  Depth: 

2.  Depth  to  Liquid: 

3.  Depth  to  Water: 

4.  Liquid  Column: 

5.  Liquid  Volume: 
Pump  Dry? 


-/  /. 


S  // 


c/-'r6 


//  -V9 


Describe: 


Samplers: 
Sample  date: 
Sample  Type: 


Comments: 


/*-/  •n 


TC5 


r- 


-cl  U&C. 


/Pf 


rz  £Jl 
fo  ^ 


v/Wj£  £/ 


Date:  J  f  V 


Time: 


Sounding  Method^ _ ^ .  2~. 


Reference: 


Purge  Method:  _ .3_ 

Purge  rate:  _ 

Purge  Time:  _ , 


Purge  Volume: 


Sample  Time: _ //?  v 

.SpGt?  ^s2 _ 


With  Whom? 


7^  /; 


Field  record  of  weil  gauging, 
purging,  and  sampling 


Location: 

S/r^r 

Wel  No.: 

_J/v?  I  "  S 

Wel  Dlam. 

P  " 

Weather: 

WeS  condition:  _ 

-y — 

<*  </  ^  o 

S  liclaip /Flush?  _ 

Odor  (if  any): 

Date:  Z  2  v 


Time: 


Sounding  Method:  JT, _ _ 

Reference:  s 

- V  : 


] .  Wei  Depth:  ^  7*'  — 

2.  Depth  to  Liquid:  _ _ _ _ 

3.  Depth  to  Water:  0-  &.  L 

4.  Liquid  Cohxnrn  _ B-B^) 

5.  Liquid  Volume:  _ 


Pump  Dry?  si/o_ 
Describe:  _ 


Purge  Method:  P  ' 

Purge  rate: _ 

Purge  Time:  _ _ 

Purge  Vokme: 


Samplers: 
Sompie  date: 
Sample  Type: 

Comments: 


l£j_  _ 

Sample  Time:  /  ^ 


SpDt? 

With  Whom? _ 


-  £_£_Z _ 

il  ?? 

/  &<r° 


Fieid  record  of  weil  gauging, 
purging,  and  sampling 


Location: 


Wei  No.: 


Weather: 


J  rv^Wel  01am. 


Wei  condition: 


S  iickuo /Flush?  _ 
Odor  (if  any):  , 


1.  Wei  Death: 


2.  Depth  to  Liquid: 

3.  Depth  to  Water: 

4.  Liquid  Column: 

5.  Liquid  Volume: 
Pump  Dry? 


Describe: 


Samplers: _ J. 

Sample  date:  i — . 

Sample  Type: 


3  r.  /~y 


e^8_° 2. 


Z4-2A. 


it 


r-"-f  *7^ 


f- 


-  3  3  £ 


Date:  /  ^  • 


Time:  ^  7  v  -f 


Sounding  MethacL^_^_j«^_£_3^ 


Reference: 


Purge  Method:  P 

Purge  rate:  _ « 

Ptrge  Time:  _ 


Purge  Volume:  ^ 


Sample  Time:  ~3_  J 


With  Whom? 


Comments: 


Field  record  of  well  gauging 
purging,  and  sampling 


EA 

Location;  — S-L  Date:  /  ^  v 

Wei  No.:  Ss»us-.if  ~  Wei  01am.  J  "  Time:  ^ 

Weather:  —  _ - _ 

Wei  condition:  A  ^  £*e  a* lziZL  Sounaing  Method:  ^ .  .zr. 

Slickup /Flush? _ x _  Reference:  £rl 

Odor  (if  any):  _ ___ _  ■  _ 


1 .  Wei  Depth: 

2.  Depth  to  Liquid 

3.  Oepth  to  Water: 

4.  Liquid  Column: 

5.  Liquid  Volume: 

Pump  Dry?  _ ^ 

Describe:  _ 


/  -T-  9  Y' 


e. 


/A 


£. 


Purge  Method:  P" 

Purge  rate:  _ 

Purge  Time:  ____i _ 

Purge  Volume:  3  -1~- 


Samplers:  _ 7  _ 

Sompie  date:  /  fy  _ Sample  Time: _ 

Sample  Type:  _ ZLL  —  Spfit?  - 


Comments: 


~  /9-P  o1 


With  Whom? _ 


'p/’A  '  S^S 
T - - 


Field  record  of  weil  gauging, 
ouraina,  and  sampling 


location:  ~ 


Wei  No.: 
Weather: 


Wei  DIam. 


Date:  /  7^  ^  <9  *-/ 

Time: 


Wei  condition: 

Slickup/Flush?  A*  __ _ 

Odor  (if  any): _ _ _ _ _ 


Sounding  Method:  L*/ , 

Reference: 


/*  ^  ;  /■  f 

- - - ' - - 


1 .  Wei  Deoth: 


?y.  rv 


8 -  ?£ 


2T-  7f 


2.  Depth  to  Liquid 

3.  Depth  to  Water: 

4.  Liquid  Column: 

5.  Liquid  Vokme: 

Pump  Dry? 

Describe:  d£r£±  2±L  - 2^. 


Purge  Method:  'V1'  .<<=> 

Purge  rate:  _ _____ 

Purge  Time:  _ _ _ 


//c  S" 


Purge  Volume:  4^  ofe* 


■  /2  / _ HLJLzS.  c 


Samplers: 
Sample  date: 


T/ftf. 


?v 


Sample  Type: 


Sample  Time:  / 

.SpOt? 

With  Whom? 


/l^o 


>£vP-  ~ 


V. 


7j~l  ^ 


ni 


C&'-'O 


*7  O 


Comments: 


Field  record  of  weii  gauging, 
purging,  and  sampling 


Location; 


Wei  No.: 


Weather: 


/:  c/T2T 


fs~ius-  fcj  -A/?  Wei  Dlam. 


S’ors*'*'  T' 


Date:  /  <j-f 


Time:  *?/  £> 


condition:  ^g°t/  l-gcM 


Slickun/flush?_ 
Odor  (if  any):  _ 


1 .  Wei  Deoth: 


2.  Depth  to  Liquid: 

3.  Depth  to  Water: 

4.  Liquid  Column: 

5.  Liquid  Volume: 
Pump  Dry? 


Describe: 


Samplers: 


'/o,J  // 


r<  &  I 


77  f 


Sample  date:  /  7  v 

Sample  Type:  22: £  Uo  gr- 


Commenis: 


.  o*  * 


t  .,-t  o  -  /  * 


C  cs  -'/? 


6  5~<^ 


Soundina  Method:  c.  +  , 


Reference: 


Purge  Method:  p" 

Pirge  rate:  _ 


Purge  Time: 


Purge  Volume: 


Sample  Time: 


With  Whom? 


r. 


■=/T 


Field  record  of  weil  gauging, 
purging,  and  sampling 


Location: 

Wei  No.: 
Weather: 

Wei  conaiiiorc 


r-'z* _ 


1 2/ 


Oate: 


/  T* 


/  Wd  01am. 

/V'/V  r  Zf  : _ - 


id 


Time:  //^« 


Slickuo/F!ush?_ 
Odor  (if  any):  . 

<* 

1 .  Wei  Death: 


’3^71o° 


2.  Depth  to  Liquid: 

3.  Depth  to  Water: 

4.  Liquid  Column: 

5.  Liqiid  Volume: 
Pump  Dry?  /t-  g 


8-18 


3*.  £3. 


Describe: 

Samplers: 
Sample  date: 


7&S 


(  T“'"i  f  y 


7 £4 


Sounding  Method:  ^  ^  . 

Reference:  ^ 


Purge  Method: 
Purge  rate: 
Purge  Time: 


0 


Purge  Volume:  *7  *7- 


Sample  Time:  A  3  ° 

_  Split? 


Sample  Type: 


With  Whom? 


:3a! 


Field  record  of  well  gauging, 
purging,  and  sampling 


Location: 


'■s  v  y 


Wei  No.: 


,.7f  -  /  Wei  Dlam. 


Time:  //3> 


Weather: 


WeB  condition: 


Sounding  Method: 


Slickup/Flush?_ 


Reference: 


Odor  (if  any): 


1 .  Wei  Depth: 


2.  Depth  to  Liquid: 


3.  Depth  to  Water: 

4.  Liquid  Column: 

5.  Liquid  Volume: 


2  V,  7£ 


3-X  3 


Pirge  Method: 
Pu'ge  rate: 


Purge  Time: 


Pu’ge  Volume: 


Pump  Dry?  /vro_ 


Describe: 


Samplers: 


Sample  date: 


Sample  Time: _ 


Sample  Type: 


/2  c?  -  5 


With  Whom? 


/  '?/) 


/XyL 


•r^r 


Comments: 


Field  record  of  well  gauging, 
ouraina,  and  sampling 


Location: 

Wei  No.:  _ 

Weather:  _ £* 

Wei  condition: 


f-'r?  US's*-*.  / 


Wet  Diam. 


Oate: 

Time: 


JL 


1  <? 


^  &  f'"  ^ 


S  tickup  /Flush?  _ 
Odor  (if  any):  b 


/^/OS,  /f 


Sounding  Method; 
Reference: 


O^r  /■  >  7^  « 


1 .  Wei  Depth: 

2.  Depth  to  Liquid; 

3.  Depth  to  Water: 

4.  Liquid  Cotuwr 

5.  Liquid  Volume; 

Pump  Dry?  /tsQm 
Describe:  _ 


2£- 


£-2£. 


Purge  Method:  .£ 

Pirge  rate:  _ 

Purge  Time:  _ 


”7,  r 


Purge  Vokme: 


Samplers; 
Sample  date: 
Sample  Type: 


^  ^ - 

n 

Sample  Time:  /2-  *r° 

7~C  <>"E7  C- 

Split? 

With  Whom? 

o,  3 

T-'f' 

- . - - - - - 

^  >c _ 

Commenis: 


Field  record  of  well  gauging, 
purging,  and  sampling 


Location: 


Wei  No.: 


us  -  ^  ! 


Wei  Dlam. 


f.  v-rr  u<r=>-z2  / 


Date:  '  W 


Time:  ^  <?  zs& 


Weather: 


■v 


Wei  condition:  c& 


Slickup/fTush?_ 
Odor  (if  any):  _ 


Sounding  Method: _ us  £1T\ 


Reference: 


S~  • 


1 .  Wei  Depth: 

2.  Depth  to  Liquid: 


3.  Deoth  to  Water: 


4.  Liquid  Column: 

5.  Liquid  Vokme: 


Pump  Dry? 


Describe: 


Purge  Method: 


f-^3-3 


^r~,  2  z 

22- g 


Samplers: 
Sample  date: 


Sample  Type: 


4y 


/  <u<2  C^o  c~ 


Purge  rate: 
Purge  Time: 


Sample  Time:_ 

.Split? 


With  Whom? 


/2U  f 


•3 


2 


Purge  Volume: 


Comments: 


✓ 


Field  record  of  weil  gauging, 
purging,  and  sampling 


r^-vr-/ 


Location; 


Wei  No.: 


Weather: 


WeS  condition: 


SHckup/f1ush?_ 
Odor  (if  any): 


1 .  Wei  Depth: 

2.  Depth  to  Liquid: 

3.  Depth  to  Water: 

4.  Liquid  Column: 

5.  Liquid  VoLme: 
Pump  Dry? 


Describe: 


Wei  Dlam. 


Date:  /  j  v  ~  ^ 


— *7 


Soundina  Method: 


Reference: 


^  3~. 


£  7f 
ZT  /// 


Purge  Method:  P ' 

Purge  rate:  _ 


Pirge  Time: 


Ptrge  Vokme:  3 


Samplers: 


Sompie  date:  /  — ZZ- 


Sample  Time:  /^°X 


Sample  Type: 


LSo 


.Spfit? 


With  Whom? 


Comments:  Z?  o- 


aJlSZ. 

r.  zT- 


2^ 


sC 


Field  record  of  well  gauging, 
purging,  and  sampling 


Location:  — V — 

Wei  No.:  Wei  DIam. 

Weather:  r  $£LZ. _ 

Wei  conaitiorc  4 <><*4,  _ 

SHckuo /Flush?  j  // 

Odor  (if  any): _ _ _ _ _ 


A  / _ _  Date:  /  —  2 v 

^  '' _  Time:  /of  _ 


Sounding  Method:  7r, 


Reference:  1 


1 .  Wei  Depth: 

2.  Depth  to  Liquid: 

3.  Depth  to  Water: 

4.  Liquid  Column: 

5.  Liquid  Volume: 

Pump  Dry? 

Describe:  _ 


*3*#/ 


e-9H 

P_P  #7 

p.J.3 


Purge  Method:  £  // 

Purge  rate:  _ ^ 

Purge  Time:  r'^ 

Purge  Vokme: 


Samplers: 
Sample  date: 
Sample  Type: 


✓w  /J _ 

/  x^'/v^r  y  y 


7^0  Z.  LS&  C- 


^2- 


O'V 


^  r-8 


=  /  ~7  & 


Sample  Time: _ //  S~<J 

Split? 

With  Whom? _ 

--  '& 


Comments: 


Fieid  record  of  weii  gouging, 
purging,  and  sampling 


Location;  _ f  ■  £ 

Wei  No.:  Pi  / _ Wei  Diam. 

Weather:  Z. - 

WeS  condition:  6°*  ^  c s***? _ 

Siickuo /flush?  _ £*L - 

Odor  (if  any): _ _ _ 


2 


1/ 


Date:  / 


Time:  >  S~~_ 


Sounding  Method:  us.  />/  JT _ 

Reference: 


1 .  Wei  Depth: 

2.  Depth  to  Liquid: 

3.  Depth  to  Water: 

4.  Liquid  Column: 

5.  Liquid  Volume: 

Pump  Dry?  yi/i? 
Describe:  _ 


/y.  /v 

e-fy 


£_2 

■yjp 


Purge  Method:  "  /S^>/ 

Purge  rate:  _ 

Purge  Time:  _ ~  _ 

Pirge  Volume:  ^  *  (_ 


Samplers: 
Sample  date: 
Sample  Type: 


/  ~«w  2.  tL 

7~C£  Cs'O'Z- 


<?■  3 


Sample  Time: _ //  *7 5 

SpGt? 

With  Whom? _ 


Comments: 


Field  record  of  weil  gauging, 
purging,  and  sampling 


Location: 

/  Date:  / 

Wei  No.: 

si/vn*'  -  /o-  /  Wei  Diam.  2 

Time:  / 

Weather: 

WeH  condition: 

cf  /ac-'/c 

Sounainq  Method:  U'-  s~. 

Stick  no /Flush? 

Reference:  772^ 

Odor  (if  any): 

y 

1 .  Wei  Depth: 

2.  Depth  to  Liquid: 

3.  Depth  to  Water: 

4.  Liquid  Column: 

5.  Liquid  Vokme: 

Pumo  Dry? 

Describe:  _ 


tJ/’-r  / 


Purge  Method:  P  " 

Purge  rate:  _ o 

Purge  Time:  _ cz  (_ 

Purge  Vokme:  _ <o^2 


Sampiers: 
Sample  date: 
Sample  Type: 


_ With  Whom? _ 

/2  <?■  •=  _ _ _ Ztl  CjL. 

_ &-L _ - — 

K 

1>2Zl _ - 


- - - 

,  <?Y_  _ Sample  Time:  P/P  o 

7~cl  t/o  ^ _ Spot? 


Comments: 


I 

I 


Fieid  record  of  weii  gauging, 
ouraina,  and  sampling 


Date: 

Time: 


£.  Z± 


S  tickup /Flush?  _ 
Odor  (if  any): 


s  // 


Sounding  Method^ 
Reference: 


1 .  Wei  Depth: 

2.  Depth  to  Liquid: 

3.  Depth  to  Water: 

4.  Liquid  Column: 

5.  Liquid  Volume: 
Pump  Dry? 
Describe: 


/  r-c  / 

6.  76 

Purge  Method: 
Purge  rate: 
Purge  Time: 

Purge  Volume: 


Samplers: 

Sample  date:  j  ^ 

Sample  Type:  . 


Sample  Time:  ft/f 


_ Split? 

With  Whom? 


^  t  . 


Comments: 


Field  record  of  weil  gauging, 
purging,  and  sampiing 


Location:  £21 - ZL 

Wel  No.:  />»* «✓-  ~7  r~  ^  We>  D,am-  £ _ 

Weather:  - 

WeB  condition:  (isz&L^ _ /  <s>7 _ 

Slickuo/Hush? _  //  _ 

Odor  (if  any): _ _ _ _ _ 


Oate:  3/  Y*t±L 


Time:  ego  q 


Sounding  Method:  _£~ _ 

Reference:  : •^'-f 


1 .  Wei  Depth: 

2.  Depth  to  Liquid 

3.  Depth  to  Water: 

4.  Liquid  Column: 

5.  Liquid  Vokme: 

Pumo  Dry? 

Describe  _ 


~7y.gr  / 


f.  rv 
2r<  L 
22£. 


Purge  Method:  3  " 

Pirge  rate:  _ V 

Purge  Time:  _ /  7  s~i 

Purge  Vokme  S’ 


Samplers:  - - - 

Sample  dale:  ^ - - - Sam*,le  Timc- 

Sample  type:  lZL  !&£. - SPS,? 

With  Whom? 


S’”''  '■* 

'Ll 

/ 

'  'Z-to 


T'tr 


Comments: 


Field  record  of  well  gauging, 
purging,  and  sampling 


Location:  _ 

Wei  No.: 
Weather: 

Wei  condition:  _ 
Sticlaio/nush?_ 
Odor  (if  any):  _ 


■  /5 


s-  '7-^  UiZzzZJ- 


Wel  Dlam* 


Date:  3 '  >-  9  ‘-s 


lime:  o  &  ^  o 


<r 


o  c -A 


Sounding  Method:  JT _ _ 

Reference:  ^ r 


1 .  Wei  Depth: 

2.  Depth  to  Liquid: 

3.  Depth  to  Water: 

4.  Liquid  Column: 

5.  Liquid  Vokxne: 
Pump  Dry?  /xSD 


JL  £* 


f.r/ 


Purge  Method: 
Purge  rate: 
Pirge  Time: 

Purge  Volume: 


Xr  /><**/ l/ZSl 


Describe: 

Samplers: 
Sample  date: 
Sample  Type: 


3'. 


7*i- 


l/OC- 


_  Sample  Time: _ 

SpDt?  7--7o 

With  Whom? 


US'#  "3 


Comments: 


Reid  record  of  weii  gauging, 
purging,  and  sampling 


Location:  ^  C 

Wei  No.:  _ Wei  Dlam. 

Weather:  _ &  ,\r*S  fid _ 

Wei  conaitiorc _ 6^^/  £  ocf^^ _ 

S  tickuo  /  Flush?  z^/kj/s _ 

Odor  (if  any): _ 

V 

1 .  Wei  Depth: 

2.  Depth  to  Liquid: 

3.  Depth  to  Water: 

4.  Liquid  Cokmrc 

5.  Liquid  Volume: 

Pump  Dry? 

Describe:  _ 


^,0^7 

2£JL 

7^_ 


f  Date:  3  /  v  ■?  1/ 

__  Time:  ,,  _ 

Sounding  Method:  C^r  C.SZT, _ 

Reference: 


Purge  Method:  £ "  /Z*"*/f* 

Pirge  rate:  ; Y  ^*£2 

Puge  Time: 

Purge  Volume:  "7/ _ 


Samplers: 
Sample  date: 
Sample  Type: 


S^O 


~-V  y  2±£ 
Tz>l~  r/g 


^g  -  - 

/ptf?  6.  L(<f 
£t/^//  2-/5 


Sample  Time: _ 

SpGt?  s\^<r. 

With  Whom? _ 

T-r'? 


Comments: 


Field  record  of  well  gauging, 
purging,  and  sampling 


_ £lZ2£— 


Location: 

Wei  No.:  t£Zk2Z.  Wel  01am* 

Weather: 

WeB  condition: 


er* 


/Cr6>r-/  ^ 


S  lickup /Flush?  _ 
Odor  (if  any):  _ 


-2/ 


Oate: 


'Zr  s~-sr7  ** 


t f 


Time:  <cyf 


Sounding  Method:  ^ 


Reference: 


1 .  Wel  Depth:  _ _  Pir9e  Method: 

2.  Depth  to  Liquid:  _ _  Pir9e  rote: 

3.  Depth  to  Water:  Wfr/  rS  <2d±  Pir9«  T'me: 

4.  Liquid  Column:  _ _ _ _ — 

5.  Liquid  Volume:  _ _  Pir9e  Vok™ 

Pump  Dry?  ' 

Describe:  _ _ _ . _ . _ _ _ — 


Samplers: 
Sample  date: 
Sample  Type: 


Sample  Time: 

spat? 

With  Whom? 


Comments: 


Fieid  record  of  weil  gauging, 
purging,  and  sampling 


Location: 


£>r 


Date: 


Wei  No.: 


-71/-^  Wei  Dlam. 


Weather: 


er- 


Wei  conaitiort  £ Jr ^ 


Soirtaing  Method: 


Slickuo /'flush?  _ 


Reference: 


Odor  (if  any): 


1.  Wei  Death: 


Purge  Method:  3  " 


2.  Depth  to  Liquid: 


Purge  rate: 


3.  Depth  to  Water: 


2 


Purge  Time: 


/ ^  ^ — ?  < ' 


4.  Liquid  Column: 


a  r.  gg 


5.  Liquid  Volume: 


23.3V 


Purge  Volume: 


Pump  Dry? 


Describe: 


Samplers: 


Sample  date:  3/  dill.  7  ^ 


Sample  Time:_ 


Sample  Type:  r^f 


Comments: 


-  o.r" 


A  / 


With  Whom? 


r-/s 


Field  record  of  weil  gauging, 
purging,  and  sampling 


Location: 


Wd  No.: 


Weather: 


cil/sS/? 


f-'rj? 


fs*  ~l  v  ~ 


Wei  Diam.  3 1 


WeB  condition:  6 *•£></,  ^L<-/ 

Slickup/Flush?  /f 

Odor  (if  any): _ 


1.  Wei  Deoth: 


2.  Deoth  to  Liquid: 


3.  Depth  to  Water: 

4.  Liquid  Column: 

5.  Liquid  Volume: 


Pump  Dry? 


Describe: 


Samplers: 


u.  r£ 


?.r7 


-T/&7 


Sample  date:  3  ' 


Sampie  Type: 


Comments: 


Tec 


/2_ <g-  -  Q-  6 

p/f  -  /-  r/ 

'  /?r 


Date:  J7  /^z^r  y  ts 


Time:  //g>  5^~ 


Soundina  Method:  Z~. 


Reference: 


Purge  Method: 
Purge  rate: 


Purge  Time: 


Purge  Votme: 


Sample  Time:_ 

.Split? 


With  Whom? 


3" 


Field  record  of  weil  gauging, 
purging,  and  sampling 


Location; 


f/pjg' _ / 


Wei  No.:  /O 


Wei  Diana.  D 1 


Time: 


Weather: 


Wei  condition: 


Sounaing  Method: _ u/-  ^.-ZT 


Slickup/FTush?_ 
Odor  (if  any): 


cA*rM 


Reference: 


T  <2£’  * '- 


1 .  Wei  Depth: 

2.  Depth  to  Liquid: 

3.  Depth  to  Water: 

4.  Liquid  Column: 


5.  Liquid  Volume: 


~33.CH_ 


22i  ,Lf 
1°.  8 


Purge  Method:  O 

7  y 

Purge  rate:  _ T 


Purge  Time: 


Purge  Volume:  <^3? 


Pump  Ory?  sTstq 


Describe: 


Samplers: 


Sample  date: 
Sample  Type: 


Comments: 


_ 

5/  y^'TY  2±L 
£££  Csac~ _ 

tZiL 

-  9- 1 


Sample  Time:_ 
_SpGt? 


With  Whom? 


Fieid  record  of  weil  gauging, 
purging,  and  sampling 


EA 


Location: 


- 2  / 


Date: 


*3  r  <=, 


Wei  No.:  J>i^'  /c  ~  3^  Wei  0Iam- 


2" 


Time:  /. 


3~r 


Weother: 


Wei!  condition:  L*»o/r-^c> 

Slickup/Hush? _ /-/cs  rfr* _ 

Odor  (if  any): _ 


Sounding  Method: _ U/.  . 

Reference:  r^_  ^2-L.  ir3 


1 .  Wei  Depth: 

2.  Depth  to  Liquid: 

3.  Depth  to  Water: 

4.  Liquid  Column: 

5.  Liquid  Volume: 

Pump  Dry?  ££. 
Describe:  _ 


/7-o0 


BtQ# 

7,3 


Purge  Method:  **  '  & *“-*'*’ 

Purge  rate:  _ ~~  "  ' 

Purge  Time: _ 

Purge  Volume: 


Samplers: 
Sample  date: 
Sample  Type: 


_ 

3j^L  Z2L 

TCC  uaa- 


Commenir  /2c ^ 


Sample  Time: _ 

Split?  sSO 

With  Whom? _ 

/f 


Field  record  of  weil  gauging, 
purging,  and  sampling 


Location: 

Wei  No.:  oL _ Wei  Dlam.  *yrf 

Weather:  iSJL _ 

Wei  condition: _ Ss ^ ■gV/  Z~-cf?  -■<? _ 

Slickup/Flush? _ /fZ«j/Z. _ 

Odor  (if  ony): _ _ _ _ 


-.2  / 


Date:  / 

Time:  _ 


Sounding  Method:  ^ 

Reference:  <-  '— r 


1 .  Wei  Depth: 

2.  Depth  to  Liquid: 

3.  Depth  to  Water: 

4.  Liquid  Column: 

5.  Liquid  Volume: 

Pump  Dry?  _ ' 

Describe:  _ 


3  9-  9& 


7'8f~ 


I  ^ 


Pirge  Method:  £  1  ^ 

Pirge  rate: 

Purge  Time:  _ ■?<g’ 

Purge  Volume:  _ 


Samplers: 
Sample  date: 
Sample  Type: 

Comments: 


/*!  /? 


fc-C  (y&o 


0t7.  pZj* 


Sample  Time:  /  P-  x  [ 

SpOt? 

With  Whom? _ 

r-  tr 


(css/? 


EA 


Field  record  of  well  gouging, 
ouraina,  and  sampling 

t  ^  w  1 


location; 

Wd  No.: 
Weather: 

WeB  condition:  _ 
Stickua /Flush?  _ 
Odor  (if  any):  _ 

v 

1 .  Wei  Depth: 


L 


us  - 


Wei  Diam. 


Sr' 


Date:  Z>  J 

Time:  7  o 


**J  /y 


Sounding  Method:  u^r  j~. 

Reference:  w  ^ 


U.  yc 


2.  Depth  to  Liquid 

3.  Depth  to  Water: 

4.  Liquid  Column: 

5.  Liquid  Volume: 
Pump  Dry? 


/*-Jf 


Purge  Method:  P  r  £3-*? /£ 

Purge  rate:  _ "  _ 

Pirge  Time:  _ 


nr 


Pirge  Volume: 


rz 


Describe: 

Samplers: 
Sample  date: 
Sample  Type: 


*3/  2.  Z.  ZZ. 


I* 


S3.0.  ^  &ZL 


Sample  Time:_ 
Split? 

With  Whom? 


Is"* 


/7< 


Comments: 


Fieid  record  of  weil  gauging, 
ouraina,  and  sampling 

t  ^ 


Location: 


Wei  No.: 


Weather: 


Well  condition: 


Slickup /flush?  _ 
Odor  (if  any): 


1 .  Wei  Death: 


2.  Depth  to  Liquid: 

3.  Depth  to  Water: 

4.  Liquid  Column: 

5.  Liquid  Volume: 
Pump  Dry? 


,,  -  2  Wei  01  am. 


UfP-^L  f 


Dote:  j  7? 


Time:  o  73< 


py.g1 


22.  £ 


Describe: 


Samplers: 


Sample  date: 
Sample  Type: 


Comments: 


/ 


^  r-  j£ 

c^/7  ~ 


Sounding  Method^ 


Reference: 


Pirge  Method:  ^ 


Purge  rate: 
Purge  Time: 


Pirge  Volume: 


~3  ‘2*^1 
2.*? 


Sample  Time:_  /y,o0 


.spot? 


With  Whom? 


7^*5  r  f 


Field  record  of  well  gauging, 
purging,  and  sampling 


Samplers:  _ 

Sample  date:  /  _ Sample  Time: _ 

Sample  Type:  T*t-  - - SPB,?  -  . 


With  Whom? 


Comments: 


Field  record  of  weii  gauging, 
purging,  and  sampling 


Location: 

Wei  No.:  ^n±H  4,r~~3" _ We*  Dlam.  _ 

Weather:  - - - — 

Well  condition:  {Lz£-?l—2- - 

Slickup/fkish? _ tL- _ _ _ 

Odor  (if  any):  __ _ _ _ _ _ _ — 


z^o  — /  Oate:  /  Vv 

Time:  /g<»  <c> 


Sounding  Method: _ ,Z~. 

Reference: 


1 .  Wei  Depth: 

2.  Depth  to  Liquid 

3.  Depth  to  Water: 

4.  Liquid  Column: 


Pump  Dry? 
Describe: 

Sampler  s: 
Sample  date: 
Sample  Type: 


7V.V7 


/0-CB 


2D*  71 


a/,  y 


Purge  Method: 

Purge  rate:  _ D 

Purge  Time:  _ 


Purge  Volume: 


£f 


^22- 

a^/3 

7  V 

T^l 

Sample  Time: 

Split? 

With  Whom?  _ _ 


Field  record  of  weil  gauging, 
Duraina,  and  samDiing 

I  w  '  t  ^ 


Location: 

si ^-*3 

f 

Date:  / 

Wei  No.: 

jVw-  Wel  Dlam. 

y 

Time:  /c/<r~ 

Weather: 

WeB  condition:  _ 

Sounding  Method:  x. 

S!ickup/nush?_ 

f/wr  & 

Reference:  i-^s?  <=~r*’'~s 

Odor  (if  any): 

1 .  Wei  Depth: 

2.  Depth  to  Liquid: 

3.  Depth  to  Water: 

4.  Liquid  Column: 

5.  Liquid  Volume: 

Pump  Dry? 

Describe:  _ 


£■ 

n. r 


Pirge  Methoi  j? /;  /3s9/£ 

Ptrge  rate:  _ 

Purge  Time:  - - - 

Purge  Volume:  i~ 


Samplers: 
Sample  date: 
Sample  Type: 


s^/3 _ 

/  _ Sample  Time:  f~ 

-7er^  _ Split? 


With  Whom? 


Field  record  of  weil  gauging, 
purging,  and  sampling 


Location:  - 

Wei  Ho.:  _Wei  Oiam. 

Weather:  - 

Wei  condition:  - 

Slickup/Hush? _ /-/<*-}  tf  — 

Odor  (if  any):  _ _ _ _  — 


/  Date:  /  7~»-^ 

Time:  /J2  o~ 


Sounding  Methodj _ £/  ,Zr 

Reference:  o  ^ 


1 .  Wei  Depth:  - 

2.  Depth  to  Liquid:  _ . — 

3.  Depth  to  Water: 

4.  Liquid  Column: 

5.  Liquid  Volume:  ^  £ _ 

Pump  Dry?  /VQ 

Describe: _ _ _ 


Purge  Method: 
Purge  rate: 
Purge  Time: 


Pirge  Volume: 


Samplers: 
Sample  date: 
Sample  Type: 


/Tk2 - 

/  ZX- 


Sample  Time: 


/3so 


TcL 

csc?<~~ 

Split?  siao _ 

With  Whom? 

o.  ^ 

c.  <7 

*r  -  (C 

Atr'- 

C-1f  o 

- 7  — 

r.-  ^  2££ _ - _ _ _ _ _ _ _ 

Comments: 


Field  record  of  well  gauging, 
purging,  and  sampling 


Location: 


Wei  No.: 


?j — -L Wei  Dtam.  _ Q1 


Date:  /  r*— '  9‘ 


Weather: 


WeH  condition: 


Sounding  Method:  z~7 


Slickuo/FTush?_ 


Reference: 


g-TJ  —J 


Odor  (if  any): 


1 .  Wei  Depth: 


Purge  Method: 


2.  Death  to  liqui± 


Pirge  rate: 


3.  Depth  to  Water: 


Purge  Time: 


4.  Liquid  Column: 


5.  Liquid  Volume: 


"7.3 


Pirge  Vokme: 


Pump  Ory? 


Describe: 


Samplers:  -*  ■ "S? _ 

Sample  date:  / 


Sample  Time:  /3°r 


Sample  Type: 


Comments: 


-  ^-3f 


r-g' 


SpEI? 


With  Whom? 


7^ 


”  f F" 


Appendix  D 

Well  Purging  Records  -  October  1994 


v-4  *  l>  ontvil  ui^u  O  J  1  LI  LI  i 


Well  No.:  5/VLQ)t 
Gauger:  _ ^ 


Well  Diameter: 


Stickuf)  or(  Flush 


(Plusl 


WELL  INFORMATION 


Date:  ///oz'T' J 7 

Time:  // 3  o _ 

Sounding  Method:  _ 

Measurement  Ref.:  7^ _ 


Well  Depth:  _ )  *7.  M 

Depth  to  Liquid:  _ 

Depth  to  Water:  //-tfo 
Liquid  Column: 

Liquid  Volume:  0  * 

Pump  Dry?  Describe:. 


GAUGING  AND  PURGING 


Purge  Method: 

Purge  Rale:  _ 

Purge  Time:  _ 

Purge  Volume:  <=^«  5 _ 


SAMPLING  INFORMATION 
Date: 


Sampler: _ _ _  Date: _  Time: _ 

Split? _  With  Whom?  _ _ 

Typo  of  Sampling  Equipment: _ 

Sample  Analyte  f  ll’ll  I  TCL  VGA  I  TCL  SVOCS  I  TCL  Posl/PCB  I  Metals  Tolal/Dlssolved  I  Olliers 


Wl-I.l. 

VOI.UMI: 


CIAI.  TIMH  |»ll 


CONDUCTIVITY 

tiMHOS 


'u/‘\uvjino, 


runciii'tu  mimu  CsMlvirLIl'JU  blitfcl 


WELL  INFORMATION 


Well  No.:  h/ntJ  /D 

Gauger:  _ j'luJ _ 

Well  Diameter:  ^?;l _ 

_  Stickup  or^Flushy) 


( 

Well  Depth:  ^7p _ 

Depth  to  Liquid: _ _ 

Depth  to  Water:  //-  8% _ 

Liquid  Column:  £j-  £>  _ 

Liquid  Volume:  _ 

Pump  Dry?  Describe:. .  /\Jf) _ 


Date 

Time 


- Soundiny  Method: 

_ _  Measurement  Ref.: 


GAUGING  AND  PURGING 

-  Purge  Method: 

-  Purge  Rale: 

- -  Purge  Time: 

- -  .  Purge  Volume: 


SV3JL 

fr-JL,  Z 

71#  *  c. 


/  _ 

//  /rr/'OS _ 

MJJ: 


"  SAMPLING  INFORMATION 

Sampler: -  Dale:, _ 

Spill? -  Willi  Wlium?  _ _ 

Type  of  Sampling  Equipment:  _ _ 

Sample  Analyte  [  Tl»ll  I  TCL  VOA  I  TCL  SVOCS  I  TCL  Pest/PCB  I  Metals  Totat/Dissolved 


CONDIKTIVITY 

uMHOS 


TURBIDITY 

NTU 


Others 


uauuii'JU,  rununi'aj  anu  bAMbLINU  bhbfcl 


Well  No.:  £*»  %H'  £ ? 

WELL  INFORMATION 

Dale:  7/ 7 0^7/ 91 

Gauuer: 

Time:  ///£ 

Well  Diameter: 

Soundina  Method:  6*9-2.  -J. 

Stickup  or^Fliislj) 

Measurement  Ref.:  Y'O'C 

Well  Depth:  _ 

Depth  to  Liquid: _ 

Deptli  to  Water:  £LjLL _ 

Liquid  Column:  2j£  _ 

Liquid  Volume:  0  8j£_ _ 

Pump  Dry?  Describe: 


GAUGING  AND  PURGING 

_  Puryo  Metliod: 

_ Purge  Rate: _ 

_  Purge  Time:  ' 

_  Purge  Volume: 


SAMPLING  INFORMATION 
_  Dale: _ 


Sampler: _  Dale: _ 

Split? _  Willi  Whom? 

Type  of  Sampling  Equipment:  •  _ 

Sample  Analyte  [  'it’ll  I  TCL  VOA  I  TCL  SVOCS  I  TCL  Pest/l’CB 


Metals  Tolal/Dissolved  I  Others 


WliU. 

VOI.UMI: 


IMI:  pi! 


CONDUCTIVITY 
ii  MHOS 


i WIT  IAL 


^\uuinuf  i  ui  i  vj  i  i  4  u  O/AIVir  CH'fU  Of  1C  Cl  I 


Weil  No.:  JSl. 

Gauy  er:  _ 

Well  Diameler:  J?  [ _ 

_ Slickup  or^Flush~ 


Well  Depth:  3j[t  <*£ _ 

Depth  to  Liquid:  _ _ 

Depth  to  Water:  //.  J?  _ 

Liquid  Column:  _ 

Liquid  Volume:  _ _ 

Pump  Dry?  Describe: _ 


WELL  INFORMATION 

-  Date:  t_/_l££_L 

-  Time:  ///  0 _ _ 

_ _  Soundiny  Method:  ■Jl' _ 

_  Measurement  Ref.:  'T'O.c 


GAUGING  AND  PURGING 

_ Purge  Method:  ~  rf£D±  • 

_ .  Purge  Rale:  /•  ^A*— _ 

_ _  Purge  Time:  C^L£. _ 

_  Purge  Volume:  6 _ 


-  SAMPLING  INFORMATION 

Sampler: -  Date: _ 

SpUt? -  wj(h  vviiom? 

Type  of  Sampling  Equipment:  _ _ 

Sample  Analyte  f  it’ll  i  tgl  voa  i  tcl  svocs  I  "tcl  Pest/PCB 


I  CL  Pesl/PCB  I  Metals  Tolal/Dissolved  I  Others 


Well  No.:  Off  V  VS'JtP 

Ganger:  vf  _ 

Woll  Diamolor:  _ _  - 

Y7^ 

Sllckup  or  (Flush 


WELL  INFORMATION 

_  Date: 

_  Time: 

_  Sounding  Method: 

Measurement  Ref.: 


S/JocTjfy 
S035j 
UJj-  •  XL 
7"-  o  •_ 


SAMPLING 


Sampler: _ 

Split? _ 

Type  of  Sampling  Equipment: 
Sample  Analyte  f  ’11*11  l  tcl  voa 


INFORMATION 

Date: _ 

With  Whom? 


Time: 


TCL  SVOCS 


ICL  Pest/PCI3  I  Metals  Total/Dissolved  I  Olliers 


W/  \l  •* 


Well  No.:  P 

Gauger:  _ 

Well  Diameter:  _ 

Slickup  or/nuslr) 


WELL  INFORMATION 

_  Date: 

-  Time:  / 

_  Sounding  Method:  6U-J-ST 

Moasuroment  Ref.:  T'O.C 


Well  Depth: 
Depth  to  Liquid: 
Depth  to  Water: 
Liquid  Column: 
Liquid  Volume: 
Pump  Dry? 


Si2c 

3S_ 

Describe: 


GAUGING  AND  PURGING  D 

_  Purge  Method:  J-//1/0  D  Sfi>  L 

_  Purge  Rale:  _ 

_  Purge  Time:  _ 

_  Purge  Volume:  J.S 


-  SAMPLING  INFORMATION 

Sampler: _  Dale: _ 

Split? -  With  Whom? 

Type  of  Sampling  Equipment: _ _ 

Sample  Analyte  11*11  i  tcl  voa  i  tcl  svocs  i  tcl  Pgsi/pcd 


Time: 


Pesl/PCD  I  Molals  Tolal/Dissolved  I  Olliers 


unuuiiHU,  i  AAIMU  OAiVirUNVj  I 


Well  No.: 

Gauger:  _ 

» i\ 

Well  Diaineler:  _ 

T^N 

Slickup  or  (Flush 


WELL  INFOI IMATION 


Date: 

Time:  _ 

Sounding  Method:  ^  Ll~- 
Measurement  Ref.:  T'-P*  C. 


Well  Depth:  3^  t>Q 

Depth  to  Lic|uid: _ 

Depth  to  Water:  //•£'? _ 

Liquid  Column: 

Liquid  Volume:  _ 

Pump  Dry?  Describe:_./2/£>.. 


GAUGING  AND  PURGING  (1  & 

_  Purgo  Method:  £  Rzp!  FUgu; 

_  Purge  Rate:  ,/<?  _ 

_  Purge  Time:  SJl  _ 

_  Purge  Volume:  ILL _ 


* 

SAMPLING 

INFORMATION 

Sampler: 

Dale: 

Time: 

Spill? 

With  Whom? 

Type  of  Sampling  Equipment: 

i 

Sample  Analyte  f  inii  i  tcl  voa 

1  TCL  SVOCS 

1  TCL  Pesl/PCB  1 

1  Metals  Tolal/Dissolved  1 

1  Others 

WJ:1 .1. 
VOI.UMI: 


conductivity 

11MIIOS 


[’UKIJIUITY 

NTU 


vvci_t_  UAUUIIMU,  AIMU  bAMPLINO  bHbhl 


Well  No.:  /£)-JL 

Gauyer:  J'j.  _ 

Well  Diameter:  ^ 11 

S  lie  Imp  or  ^Fkish 


WELL  INFORMATION 

_  Date:  S/U±j29± 

-  Time: 

-  Sounding  Method:  CUj_  Z  .X 

Measurement  Ref.:  ~7»P.  £- 


Well  Depth:  __#£& &_Z<2 

Depth  to  Lic|uid: _ 

Depth  to  Water: 

Liquid  Column:  H*? _ 

Liquid  Volume:  Q_*  7/ 

Pump  Dry?  Describe 


GAUGING  AND  PURGING 

Cl _  Puryo  Method: 

_  Purge  Rale: 

_  Purge  Time: 

_  Purge  Volume: 


M/)A)d  jfaiL 


C^»  / 


SAMPLING  INFORMATION 
_  Date: 


Sampler: _ . _  Date: _ 

Spill? -  With  Whom? 

Type  of  Sampling  Equipment:  • _ 

Sample  Analyte  [  TPtt  i  tcl  voa  i  tcl  svocs  t  tcl  Pest/PCB 


Time: 


Metals  Tolat/Dissolved  I  Olliers 


Wlil.l. 

VOI.UM1-: 


I'll 

CONDUCTIVITY 

iiMIIOS 

*n*  mi* 
c 

7.(o 

/f  <=> 

/<*? 

V-i  I  i 


i  wi  luinu  orvivtr  OHCL  1 


Well  No.:  fi/HM/D 
Gauyer:  _ 


Well  Diameter: 


Slickup  or  (Flush 


Well  Depth: 
Depth  to  Liquid: 
Depth  to  Water: 
Liquid  Column: 
Liquid  Volume: 
Pump  Dry? 


3j&-_CL~ 


g.fef 

rilwv  ytJo 


Describe: 


WELL  INFORMATION 


Date: 

Time: 

Sounding  Method: 
Measurement  Ref.: 


//McrH±_ 

/£l£_ 

tOrl-  *X 

TlO'C* 


GAUGING  AND  PURGING  „ 

_ Purge  Method: 

_ _  Purge  Rate:  S 

_ _  Purge  Time:  z^7 

_ Purge  Volume:  z^-  iT _ 


SAMPLING  INFORMATION 


Sampler: _  Date: - 

Spin? _  With  Whom? 

Type  ot  Sampling  Equipment:  _ __________ 

Sample  Analyte  f  timi  I  tcl  voa  l  tcl  svocs  l  TCL  Pesi/PCB 


With  Whom? 


Time: 


Metals  Tolat/DissolvecJ 


Olliers 


Wl-I.l.  (IAI. 

VOl.UMIl 


uauuihu,  runuihu  AHU  bhtbl 


Well  No.: 


Gauger: 
Well  Diameter: 


Stickup  or(  Flush 


WELL  INFORMATION 


Date:  //JdcT  1^7 L/- 


Time: 

Sounding  Method: 
Measurement  Ref.: 


6<J -X 


Well  Depth:  .  J  b_J*Lo 

Depth  to  Liquid: _ 

Depth  lo  Water: 

Liquid  Column:  _ ^/,  01 

Liquid  Volume:  D  *  '7£_ _ 

Pump  Dry?  Describe: _ 


GAUGING  AND  PURGING 


~AJD 


Purge  Method: 
Purge  Rate: 


S/tiA>o  8a1l 


Purge  Time:  _ 

Purge  Volume: 


SAMPLING  INFORMATION 


Sampler:. 
Split? _ 


Dale: 


lime: 


Type  of  Sampling  Equipment:  • 

Sample  Analyte  I  hi  i  tcl  voa  i  icl  svocs 


With  Whom? 


I  "ICL  Pesl/PCB  I  Melals  Tolat/Dlssolved  I  Olliers 


Wlil.l. 

VOI.UM1- 


conductivity 

uMlIOS 


TUKUIDITY 

NTU 


vvcll  vjmuuiimu,  runuii'iu  anu  bAMh'UNUj  bHfcfc  I 


Well  No.:  ‘JUl^Ao 
Gauger:  _ 


Well  '  Diameter: 


Stickup  or  (Flush 


WELL  INFORMATION 


Date: 


Time: 

Sounding  Method: 
Measurement  Ref.: 


JJLlo 

XX  c. 


Well  Depth:  3£io 

Depth  to  Lic|uid: _ 

Depth  to  Water:  //>  Ujz 

Liquid  Column:  S _ 

Liquid  Volume:  Sjl2. _ 

Pump  Dry?  Describe: _ 


GAUGING  AND  PURGING 

_  Purgo  Molhod:  rfzdi  ' 

_  Purge  Rate:  /  %?£2Z- _ 

_  Purge  Time: 

_  Purge  Volume:  / /  X _ 


SAMPLING  INFORMATION 
_  Date: 


Sampler: _ _ _  Date: _  Time: _ 

Split? _  Witti  Whom?  _ 

Type  of  Sampling  Equipment: _ 

Sample  Analyte  f  ll’ll  I  TCL  VOA  I  TCL  SVOCS  I  TCL  Pest/PCB  I  Metals  Total/Dissolved  I  Olliers 


CONDUCTIVITY 

uMIIOS 


cimuoumo,  runuiriu  mimu  C)MIVirLINU  £>fitfc:  I 


Well  No.:  £WU'  <¥£-  CL 
Gauyer:  -J2  uJ _ 

■  _ _  Sl>l 


Well  Diameter: 


Stickup  off  Flush 


WELL  INFORMATION 

-  Date:  J/  IfsC! 

-  Time:  / 

_  Sounding  Method:  ^  /  .3- 

Measurement  Ref.: 


Well  Deplli:  /S'.  % 

Depth  to  Liquid: _ 

Depth  to  Water:  //*  b  ^ 
Liquid  Column:  Z2j_ 

Liquid  Volume:  * 

Pump  Dry?  Describes. 


GAUGING  AND  PURGING 

_  Purcjo  Method: 

_  Purge  Rale: 

_  Purge  Time: 

_  Purge  Volume: 


JjtiAJD 


c^»  O 


Sampler:. 
Split? _ 


SAMPLING  INFORMATION 
_  Date: 


With  Whom? 


Time: 


Type  ol  Sampling  Equipment: _ _ 

Sample  Analyte  [  TIM  I  I  TCL  VGA  I  TCL  SVOCS  I  TCL  Pest/PCB  I  Metals  Totat/Dissolveci  I  Olliers 


Wljl.l. 

VOI.UM1- 

(JAL 

TIM! 

IWmTCiyCv- 

>C 

CONDUCTIVITY 

uMIIOS 


_ 


U(l  *4  Vj  , 


i  ivjii  Ainu  o/Aivir  once  I 


Well  No.:  /)/» U>H£.  'A 

Gauger:  _ 

Well  Diamoler:  «2’ 

Slickup  or  Flush 


WELL  INFORMATION 


Date: 

Time: 


//JocTfc- 
S3  Vo 


re¬ 


sounding  Method:  IQ*  ±  -  3L 


Measurement  Ref.: 


y^Oj.  Cj, 


Well  Depth:  ^lL_z 

Depth  to  Liquid:  _ 

Depth  to  Water:  //- 

Liquid  Column: 

Liquid  Volume:  _  _ ££ 

Pump  Dry?  Describe: 


GAUGING  AND  PURGING 


A)t> 


Purge  Method: 
Purge  Rale: 
Purge  Time: 
Purge  Volume: 


-J'  feoi  El  Cl<J 

//  _ 

Jj  o 


SAMPLING  INFORMATION 
_  Date: 


With  Whom? 


Sampler: _  Date: _  Time: _ 

Split? _  With  Whom?  _ 

Type  ol  Sampling  Equipment: _ 

Sample  Analyte  I  11*11  I  TCL  VOA  I  TCL  SVOCS  I  TCL  Pest/l’Ct3  I  Metals  Total/Dissolved  I  Others 


CAL  TIMH  pit  CONDUCTIVITY  TUMI*  TUMIDITY 

ii  MHOS  C  NTU 


INITIAL 


UIMU,  i“  v-* r\vj it '4 kj  niHU  OMiVir  once  I 


Well  No.:  5miu  7  S'  ^ 

Gauger:  ^AhL _ 

Well  Diameter:  [[ 

_ _  Stickup  or /Flush 


WELL  INFORMATION 


Date: 

Time: 

Soundiny  Method: 
Measurement  Ref.: 


y//o£Ttf± 
/V3a 
UhLJj 
7 To,  C „ 


Well  Depth: 
Depth  to  Liquid: 
Depth  to  Water: 
Liquid  Column: 
Liquid  Volume: 


S&  i  Sr) 

S'.  S'# 


GAUGING  AND  PURGING 


Purye  Method: 
Purge  Rale: 
Purge  Time: 
Purge  Volume: 


-  (o 


Pump  Dry?  Describe:.  — AJjQ— 


*  SAMPLING  INFORMATION 

Sampler: -  Date: _  Time: _ 

Split? -  With  Whom?  _ _ 

Type  of  Sampling  Equipment: 

Sample  Analyte  f  It’ll  I  TCL  VOA  I  1CL  SVOCS  I  TCL  Pest/PCB  I  Metals  Tolal/DissolvecJ  I  Olliers 


Date: _ 

With  Whom? 


Wlil.l. 

VOI.UMI: 


OAI.  T1MH  |> 


CONDUCTIVITY 

uMIIOS 


TUMIDITY 

NTU 


Well  No.: 

Gauyer:  xTo/ » kJz 

Well  Diameter:  ^  ^  ^ 

Slickup  or/Flush 


WELL  INFORMATION 


Date:  //JdCT/^ 


Time: 

Sounding  Method: 
Measurement  Ref.:  7sO*£. 


Well  Depth:  J&jLlSL 

Depth  to  Licjuid: _ 

Depth  to  Water: 

Liquid  Column: 

Liquid  Volume:  ^LljL  V « 

Pump  Dry?  Describe: _ 


GAUGING  AND  PURGING 

_ Purge  Method:  '  fi£D/_ '  /^t> 

Purge  Rate:  _ 

....  ; 

_  Purge  Time:  ^  ^  /*7'A>S 

_  Purge  Volume: 


SAMPLING  INFORMATION 
Date:  _ 


Sampler: _  Date: _  Time: _ 

Split? _  Witli  Whom?  _ 

Type  ol  Sampling  Equipment: _ ~ _ 

Sample  Analyte  f  It’ll  I  TCL  VOA  I  TCL  SVOCS  I  TCL  Pesl/PCB  I  Metals  Tulal/DlssolvecJ 


Witli  Whom? 


Olliers 


Wlil.l.  tiAl. 

voi.umi- 


CONDUCTIVITY 

ii  mhos 


/go 


on 


I'wnoii'ju  mi  HU  DMiVirui^La  bilttl 


Well  No.: 

Gauyer:  vfjL  _ 

Well  Diameter:  4*--^ 
Stickup  o/Fkish 


WELL  INFORMATION 


Date:  /J)bc7h< 
Time:  Otyofi 

Sounding  Method:  Z .  7~ 

Measurement  Ref.:  T-o-c. 


Well  Depth:  37.QQ _ 

Depth  to  Liquid: _ 

Depth  to  Water:  /£•  -36 _ 

Liquid  Column: 

Liquid  Volume:  A _ 

Pump  Dry?  Describ 


GAUGING  AND  PURGING 


fieo  ',  -  flc 


Puryo  Method:  ^  2£2l 
Purye  Rale: 

Purge  Time:  /£_ /ry*j£_ 

Purye  Volume:  o _ 


-  SAMPLING  INFORMATION 

Sampler: - - -  Date; _  Time: _ 

Split? -  With  Whom?  _ _ 

Type  of  Sampling  Equipment:  _ _ _ _ 

Sample  Analyte  f  I  I’ll  I  TCL  VOA  I  TCL  SVOCS  I  TCL  Pesl/PCB  I  Metals  Tolal/DlssolvecJ 


With  Whom? 


Olliers 


c;ai. 


CONDUCTIVITY 

tiMHOS 


J/5F 


r  niiu  o/Aivir  lii'J'j  once  I 


WELL  INFORMATION 

Well  No.:  LLM. _  Date: 

Gauyer:  _ i Ml _  Time: 

Well  Diameter: _ -2l _  Sounding  Method: 

Slickup  or  Flush/  Measurement  Ref.: 


/o  j II  l  W 

i9U 


Well  Depth: _ 

Depth  to  Liquid: _ 

Depth  to  Water:  A  -W 

Liquid  Column:  _ Ljj 

Liquid  Volume:  _ lL 

Pump  Dry?  •t'°  Describe: _ 


GAUGING  AND  PURGING 

_ Purge  Melliod: 

_  Purge  Rale: 

_  Purge  Time: 

_  Purge  Volume: 


£/?'/- 


DDL 


*  SAMPLING  INFORMATION 

Sampler: _ _  Date: _  Time: _ 

Split? _  With  Whom?  _ 

Type  of  Sampling  Equipment: _ 

Sample  Analyte  f  11*11  I  TCL  VOA  I  TCL  SVOCS  I  TCL  Posl/l’CB  I  Metals  Total/Dissolved  I  Others 


CM.  TIMI:  |>ll 


CONDUCTIVITY 

ii  mhos 


7-/2 

V^/CLL  UAUUIl'iU,  ruriUll'lU  AIMU  bAMPLINO  SHttl 


Well  No.:  (Jtlk  (111 

n -  i  _,£.P 


Gauger: 
Well  Diameter: 


Stickup  or  Rush 


WELL  INPOI  tMATION 

_  Date: 

_  Time: 

_  Sounding  Method: 

Measurement  Ref.: 


Mh  Av 


GAUGING  AND  PURGING 


Well  Depth:  _ J?±  C 0 . 

Depth  to  Lit|uid: _ 

Depth  to  Water:  _ C1/ 

Liquid  Column:  _ 'J°  _ 

Liquid  Volume:  _ 23  V 

Pump  Dry?  Describe: _ 


Purgo  Mothod: 
Purge  Rate: 
Purge  Time: 
Purge  Volume: 


/fed 


/  pious 


v 

SAMPLING 

INEORMATION 

i 

Sampler: 

Dale: 

Time: 

Split? 

With  Whom? 

Type  of  Sampling  Equipment: 

—  - 

j 

Sample  Analyte  f  ii’ii  t  tcl  voa 

1  TCL  SVOCS 

1  TCL  Pest/PCB  1 

1  Metals  Tolal/DissolvecJ  1 

i  Others 

wia.i. 

VOl.UMli 

CAL 

TIM! 

INITIAL 

TliMI* 

TUKUIOITY 

C 

NTU 

I  Ul  IVJII'HJ  AM  HU  OAMVirt_ll'4U  CJMCfc  l 


Well  No.: 
Gauyer: 
Well  Diameler: 


3/H  U 


WELL  INFORMATION 


S(ickuf)  or  fmisln 


Date: 

Time: 

Sounding  Method: 
Moasuroment  Ref.: 


(o/„  )<jy 


GAUGING  AND  PURGING 


Well  Depth: 
Depth  to  Liquid: 
Depth  to  Water:  _ 
Liquid  Column: 
Liquid  Volume:  _ 
Pump  Dry?  L 


/0^ 

G-3 


Describe: 


Purge  Method: 
Purge  Rale: 
Purge  Time: 
Purge  Volume: 


SAMPLING  INFORMATION 
_  Date: 


Sampler: _  Date: _  Time: _ 

Split? -  With  Whom? 

Type  of  Sampling  Equipment:  _ _ 

Sample  Analyte  [  I  I’ll  I  ICLVOA  I  1CL  SVOCS  I  TCL  Pesl/l’CB  I  Metals  Tolal/DlssolvecJ  I  Olliers 


Wlil.l. 

VOI.UMI: 


CONDUCTIVITY 
H  mhos 


TURBIDITY 

NTU 


4  Ul  IUIHU  rMVLJ  OAlViT  l_li  ^  oncci 


/~Vi  *  IS 


W/“ Vi  VII  L-Iiiu  Oi  1LUI 


Well  No.:  ^AjjJ  (/S'-  / 

Gauger: _ (oftP _ 

Well  Diamelor: _ _ 

Stickup  or  (Flusj) 


WELL  INFORMATION 


Date: 

Time: 

Souridiny  Melhod: 
Measurement  Ref.: 


(PKIIl 

/Htf 

UL£ 


GAUGING  AND  PURGING 


Well  Depth: 
Depth  to  Liquid: 
Depth  to  Water: 
Liquid  Column: 
Liquid  Volume: 
Pump  Dry? 


ij-r) 

M 


Describe: 


Purge  Method:  _ 
Purge  Rate:  __ 
Purge  Time:  _ 
Purge  Volume: 


SAMPLING  INFORMATION 
Dale: 


Sampler: _  Dale: _ 

Split? _  With  Whom? 

Type  ol  Sampling  Equipment: _ 

Sample  Analyte  f  mi  l  l  TCL  voa  I  TCL  SVOCS  I  TCL  Pest/PCB 


Melals  Tolal/DissoivecJ  I  Olhers 


Well  No.:  fin  u>  <-r<r_ -  > 

G  auger: _ 

Well  Diameter:  _ Q-  >r_ 

Stickup  or  tfusli) 


WELL  INFORMATION 


Dale 

Time 


Sounding  Method 
Measurement  Ref. 


■Zfrr- 


Well  Depth: 
Depth  lo  Liquid: 
Depth  to  Water: 
Liquid  Column: 
Liquid  Volume: 
Pump  Dry?  L 


GAUGING  AND  PURGING 


lb'* 

7 - 

V? 


Describe: 


Puryo  Method: 
Purge  Rale: 
Purge  Time: 
Purge  Volume: 


SAMPLING  INFORMATION 


Sampler: -  Dale: _ 

Split? -  With  Whom? 

Type  of  Sampling  Equipment:  • 

Sample  Analyte  [  ini  i  tcl  voa  i  tcl  svocs  t  tcl  Pest/pco 


Time: 


Metals  Tolal/Dissolved 


Others 


CONDUCTIVITY 
ii  MHOS 


Well  No.:  L 

Gaucjer:  Wj £  A ° i°  . 


WELL  INFORMATION 


Well  Diamolor: 


Stickup  on  Flush 


Date: 

Time: 

Souridiny  Method: 
Measurement  Ref.: 


SS/OCT Tgj 

£4  a.jt 
T'Q-  C. 


GAUGING  AND  PURGING 


Well  Depth:  L  '*  74 

Depth  to  Liquid:  _ 

Depth  to  Water:  .  //•# 

Liquid  Column:  _ 

Liquid  Volume:  _ 

Pump  Dry?  Describe:. 


o  9 O 


Purge  Method: 
Purge  Rate: 
Purge  Time: 
Purge  Volume: 


SAMPLING  INFORMATION 


Sampler: _ 

Spilt? _ 

Type  of  Sampling  Equipment: 
Sample  Analyte  f  li’ii  I  tcl  voa 


Date: _ 

With  Whom?  _ 


Time: 


TCL  SVOCS 


TCL  Pest/PCB 


Melals  Tolat/Dissolved 


Olliers 


Well  No.: 

Gauger:  P- _ 

Well  Diamolcr: _  JR 

_ Slickup  or^^Husliiy 


Well  Depth: 

Depth  to  Liquid: _ 

Deptli  to  Water:  _ 

Liquid  Column:  M>- _ 

Liquid  Volume:  _  ^3*  Ci 

Pump  Dry?  Describe: _ _ 


WELL  INFORMATION 


Date:  cf/9*> 


Time: 

Sounding  Method: 
Measurement  Ref.: 


GAUGING  AND  PURGING 


,  J*1' 


Purge  Method:  ~  / 

Purge  Rate:  _ 

Purge  Time:  _ _ 

Purge  Volume:  // 


re.c 


SAMPLING  INFORMATION 

Sampler: _  Dale: _ 

Split? -  With  Whom? 

Type  of  Sampling  Equipment: _ 

Sample  Analyte  [  'it’ll  l  TCL  voa  |  TCL  SVOCS  I  TCL  Pesi/PCB 


IMI:  pi! 


conductivity 

tiMIIOS 


Time: 


Metals  Tolal/Dissolved  I  Olliers 


TURHIMTY 

NTU 


t— 14  1  U 


0  4  4*_  .l—  t 


Well  No.:  £>MU  tO  -  /  f 

Gauger:  _ 

Well  Diameter: _ _ 

Slickup  or  FJrfslP 


WELL  INFORMATION 


Date: 

Time: 

Sounding  Method: 
Measurement  Ref.: 


/0////9V 


GAUGING  AND  PURGING 


Well  Depth: 
Depth  to  Liquid: 
Depth  to  Water: 
Liquid  Column: 
Liquid  Volume: 
Pump  Dry? 


AT- -70 


Purge  Method: 
Purge  Rale: 
Purge  Time: 
Purge  Volume: 


Describe: 


SAMPLING  INFORMATION 


Sampler: _ 

Split? _ 

Type  of  Sampling  Equipment: 
Sample  Analyte  ’11*11  I  TCL  vo/ 


Dale: 


Time: 


Willi  Whom? 


I  I’ll  I  TCL  VGA  I  1CLSV0CS 


ICt.  Pesl/l’CD  I  Metals  Total/Dissolved  I  Olliers 


runuii'iu  aimu  OAiviri_mvj  Cjiicui 


Well  No.: 
Gaiujer: 
Well  Diamolor: 


uns^ 


Stickup  or  J^TTisTr 


WELL  INFORMATION 

_  Date 

_  Time 

_  Sounding  Method 

Measurement  Ref. 


/o/  //AK 
/■^q  r 

L^lTL 


Well  Depth: _ JlLlK? _ 

Depth  to  Liquid: _ 

Depth  to  Water:  /Q-&? _ 

Liquid  Column: _ % _ 

Liquid  Volume:  _ *)•  <if 

Pump  Dry?,d©  Describe:  VeS  — 
~ £ht. — iiiijc _ _ 


GAUGING  AND  PURGING 

/> 

_  Purgo  Method:  A-J-cc^ 

_  Purge  Rale:  _ 

_  Purge  Time:  _ 

_ Purgo  Volume:  fj_  :f" _ 

-J At  dliLL Y.&11  l  cAl  _ 'B.Z Z£i- 


*  SAMPLING  INFORMATION 

Sampler: -  Date: _  lime: _ 

Split? - _ -  With  Whom?  _ 

lype  ol  Sampling  Equipment: _ 

Sample  Analyte  f  It’ll  I  TCL  VOA  I  "ICL  SVOCS  I  TCL  Pesl/PCB  I  Metals  Totat/Dissolved 


Olliers 


l> 

II 

(.‘ONIMKTIVITY 
ii  MHOS 

TUMI* 

<: 

f-YCf 

no 

/#■  r 

lUKDiniTY 

NTU 


vwcll  u/\uuiimu,  rurujii'iu  AND  SAMPLING  SHEET 


WELL  INFORMATION 


Well  No.: 
Gauyer: 
Well  .Diameter: 


')jnu2£-i  lJl 


Stickup  or  (iRush) 


Date: 

Time: 

Sounding  Method: 
Measurement  Ref.: 


W/thy 

iJPL 


GAUGING  AND  PURGING 


Well  Depth:  _ 
Depth  to  Liquid: 
Depth  to  Water: 
Liquid  Column: 
Liquid  Volume: 
Pump  Dry?  L 


y_£JL_ 


JluL- 

<3  3 


Describe: 


Purge  Method:  _ 

Purge  Rate: _ 

Purge  Time:  _ 

Purge  Volume:  _ 


SAMPLING  INFORMATION 
_  Date: 


Time: 


Sampler: _  Date: _  Time: _ 

Split? -  With  Whom?  _ 

Type  of  Sampling  Equipment: 

Sample  Analyte  [  ITII  I  TCL  VOA  I  TCL  SVOCS  I  TCL  Pest/l’CB  I  Metals  Total/Dissolved 


Olliers 


Wiiu. 

VOI.WMK 


CONDUCTIVITY 

uMIIOS 


TUMIDITY 

NTU 


tvj,  i  UIIUII'IU  niMU  O/MViruil'JU  CaOLlUi 


WELL  INFORMATION 


Well  No.: 
Gauger: 
Well  Diameter: 


QMuJJT^  iP 


Slickup  or/FItisIn 


Date:  MA/ 

Time:  _ //P  i" 

Sounding  Method:  (a±XL 

Measurement  Ref.:  'Toe, 


GAUGING  AND  PURGING 


Well  Depth: 
Depth  to  Liquid: 
Depth  to  Water: 
Liquid  Column: 
Liquid  Volume: 
Pump  Dry? 


tG  •  %c 

HJK. 


Describe: 


Purge  Method: 
Purge  Rale: 
Purge  Time: 
Purge  Volume: 


Sampler:. 
Split? _ 


SAMPLING  INFORMATION 


Date: 


With  Whom? 


Type  of  Sampling  Equipment: _ _ 

Sample  Analyte  H  in  I  I  TCL  VGA  I  1CL  SVOCS  i  TCL 


Time: 


Pest/PCB  I  Melals  Total/Dissolved  I  Olliers 


WliJ.I.  ( *  A I . 

VOl.UMl: 


TIM  I:  pll  CONDUCTIVITY 

11  MHOS 


TUMIDITY 

NTU 


i  viiumu  n*Mu  onivirunu  once  I 


Well  No.:  J/>lj  Lj£_ - 1  £ 

R  a  1 1  { i  p  r  •  L-A!/? 


Gauyer: 
Well  Diameter: 


Slickup  or /Hush, 


WELL  INFORMATION 

_  Date 

_  Time 

_  Souridiny  Method 

Moasurement  Ref. 


Q/-X 

r~n,c- 


Well  Depth: 
Depth  to  Liquid: 
Depth  to  Water: 
Liquid  Column: 
Liquid  Volume: 
Pump  Dry? 


(Q  13- 
_ Hr_ o£ 

iM. 

Describe:  -  A-& 


GAUGING  AND  PURGING 

_  Purge  Method: 

_  Purge  Rate: 

_  Purge  Time: 

_ Purge  Volume: 


th'L) 


SAMPLING  INFORMATION 


Sampler: _ . _  Dale: _ 

Split? _  With  Whom? 

Type  of  Sampling  Equipment:  • _ 

Sample  Analyte  [  li’ll  I  TCL  VOA  I  1CL  SVOCS  I  ICL  Pest/PCB 


Time: 


Metals  Tolal/Dissoived  I  Others 


WHI.I. 

1 

CAt. 

TIM!: 

pH 

conductivity 

TUMI* 

TURBIDITY 

VOI.HMI; 

_ 

n  mhos 

(: 

NTU 

*'VLLL  vj/nucuimo,  runuinu  aimu  bHLhi 


WELL  INFORMATION 


Well  No.: 
Gauyer: 
Well  Diameter: 


l/no  f L t 
ox/? 


Slickup  or  (HusfT> 


Well  Depth: _ \r 

Depth  to  Liquid:  _ fj_ 

Depth  to  Water: _ 

Liquid  Column:  _ 2-2 

Liquid  Volume:  _ _ 2 

Pump  Dry?  Describe:. 


Date: 

Time: 

Sounding  Method: 
Measurement  Ref.: 


/?A/«rfr 

/err' 


UL 


GAUGING  AND  PURGING 

_  Purge  Method:  <^~ 

_ _  Purge  Rale: _ 

_  Purge  Time:  _ 

_  Purge  Volume:  //-  j _ 


Sampler:. 
Split? _ 


SAMPLING  INFORMATION 


Dale: 


With  Whom? 


Type  ol  Sampling  Equipment:  _ _ 

Sample  Analyte  f  ll’ll  I  TCL  VOA  I  TCL  SVOCS  I  TCL  Pest/PCB 


lime: 


Melals  Tolal/Dissolved 


Others 


<VJ,  runuilMO  AIHU  OAlVirLIHU  tjllttl 


GAUGING  AND  PURGING 


Well  Depth: 
Depth  to  Liquid: 
Depth  to  Water: 
Liquid  Column: 
Liquid  Volume: 
Pump  Dry? 


<0  ■  ')0 

fA 


Describe: 


Purge  Method: 
Purge  Rale: 
Purge  Time: 
Purge  Volume: 


(_ 


Sani|)ler: _ _ 

Split? _ 

Type  of  Sampling  Equipment: 
Sample  Analyte  f  ii’ii  I  iclvoa 


SAMPLING  INFORMATION 


Date: 


With  Whom? 


Time: 


TCL  SVOCS  I  TCL  Pest/PCB  I  Metals  Totat/Dlssolved  I  Others 


'j/auvjiinu,  runuiiNu  ahu  CjAlViruiNOi  iafiCt:  I 


Well  No.: 
Gauger: 


Well  Diameter: 


Slickup  or  Plush 


WELL  INEOI  {MAI  ION 


3  u ' IS-  rp 


Date: 

Time: 

Sounding  Method: 
Measurement  Ref.: 


H  CO 
_ L 


Well  Depth: 
Depth  to  Liquid: 
Depth  to  Water: 
Liquid  Column: 
Liquid  Volume: 
Pump  Dry? 


yn 

ioM 


GAUGING  AND  PURGING 


Puryo  Molhod: 
Purge  Rate: 
Purge  Time: 
Purge  Volume: 


_ _  Purge  Volume:  / 2  (Lei _ 

3  jUi2.  QaI _ 

Describe. _  y /zPjt _ d&hij. _ / c^L _ ^ -n.~ a — ^  i  Ccc^j* 


SAMPLING  INFORMATION 


Sampler: _ 

Split? _ 

Type  of  Sampling  Equipment: 
Sample  Analyte  f  'it’ll  i  tcl  voa 


Date: 


Time: 


TCL  SVOCS 


With  Whom? 


TCL  Pesl/PCB 


Metals  Total/Dissolved  I  Olliers 


Appendix  E 

Well  Purging  Records  -  January  1995 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 


Site: 


Well  No:  -/ZS  ~  J  P  Gauge  Date: 


Weather: 


Time: 


: 


Well  Condition: 


Well  Diameter  (inches) 
Odor  (describe):  _ • 


= 


Sounding  Method:  uj.lt.  _  Measureme 

Stick  up/down  If  ft):  jL  US  tt _ 

(1)  .Well  Depth  (ft):  /(^.  O  Purge  Date: 


Measurement  Reference: 


.  T'iO.c. 


(1)  .  Well  Depth  (ft):  /ti? 

(2)  Depth  to  Liquid  (ft): 


(3)  Depth  to  Water  (ft):  //• 

(4)  Liquid  Depth  Ul)-(2>]:  tLk 

(5)  Liquid  Volume  l(4)xF)  (gal): 
Did  Well  Pump  Dry?  Describe:  a)i 


Time: 


Purge  Method :  •  £/9/  Z. 

Purge  Rate  (gpm):  ___________ 

Purge  Time  (min) :  _ 

Purge  Volume  (gal):  £ 


.  J Ua. > 


Samplers: 


Sampling  Date: 
Sample  Type:  _ 


Split? 


Comments  and  Observations: 

_ 7^>7p-  JmL 


With  Whom: 


Figure  4-1.  Field  Purge/Sample  Sheets. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 


Site:  bovfiR  £LEj1i _ 

Well  No:  J^)fW  Id  ~c^3  -  /'^  Gauge  Date:  9S^  Time: 

Weather:  Sv/osoy  -J£l _ 

Well  Condition:  GcogL _ 


J 

>  // 

Well  Diameter  (inches) 2 

Odor  (describe): 

Sound ine  Method:  6O0 

Stick  uo/down  (ft):  J~U.U^)A 

Measurement  Reference:  "7"»  0» 

(1)  •  Well  Depth  (ft):  S' 

Purge  Date:  Time:  J/oo 

(2)  Depth  to  Liquid  (ft): 

Purge  Method:  ^  }?£?£/* &<><+*> 

(3)  Depth  to  Water  (ft):  //> >  ^  7  Purge  Rate  (gpm): 

(4)  Liquid  Depth  l(l)-(2)J:  Purge  Time  (min):  _ 

(5)  Liquid  Volume  [(4)xF)  (gal):  Purge  Volume  (gal):  7 

Did  Well  Pump  Dry?  Describe: 

,S 

Samplers:  _ 

Sampling  Date:  Time:  _______________________ 

Sample  Type:  _ _ _  Split?  _  With  Whom:  _ 

Comments  and  Observations:  OoaJZ)  '  fSO 
. _ Tgntp  -  //gf  _ 


Figure  4-1.  Field  Purge/Sample  Sheets. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 


Site:  booen  &  £• 


Well  No:  S/Ww  Gauge  Date:  ^jLl2h^iL ^ 

Weather:  C±oV£>  y~  JL£ 


Time:  o 


c 


Well  Condition;  „tQoOCi 

a 

S)  t* 

Well  Diameter  (inches):  .  c* 

Odor  (describe):  . 

Sound ine  Method: 

Stick  uo/down  (ft): 

(1)  •  Well  Deoth  (ft): 

Purge  Date:  JWT/9\>I5s'  Time: 

(2)  Deoth  to  Liouid  (ft):  . 

Purge  Method: 

(3)  Deoth  to  Water  (ft):  7(*„ 

Purge  Rate  (gpm) : 

(4)  Liquid  Depth  t(l)-(2)]:  siiSHjb-  Purge  Time  (min): _ 

(5)  Liquid  Volume  l(4)xFj  (gal):  3-3*7  Purge  Volume  (gal):  JO*  / 

Did  Well  Pump  Dry?  Describe:  A7q _ 


Samplers: 


z’.fi. 


Sampling  Date:  J 9S~ 


Time: 


Sample  Type: 


Split? 


With  Whom: 


Comments  and  Observations:  ~ 


Tfr»P-  /a d 


Figure  4-1.  Field  Purge/Sampie  Sheets. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 


Site:  PjwjjR 


Well  No:  ~  £  Gauge  Date:  <2$  Time:  jjj_ 3  5~ 

Weather:  _ 

Well  Condition:  Good _ 


Well  Diameter  (inches):  _ _______ 

Odor  (describe):  _ : _ 

Sounding  Method:  _  Meaauremex 

Stick  up/down  (ft):  /" Z uSH _ 

(1)  -  Well  Depth  (ft):  j±2L  Purge  Date: 


(2)  Depth  to  Liquid  (ft): 


Measurement  Reference:  <2*  Q,  » 


Time: 


_  Purge  Method :  . 
Purge  Rate  (gpm) : 


(3)  Depth  to  Water  (ft):  _  Purge  Rate  (gpm):  _ 

(4)  Liquid  Depth  [(1)-(2)J:  j, [  Purge  Time  (rain):  _ 

(5)  Liquid  Volume  t(4)xF]  (gal):  Pur^e  Volume  (gal) 

Did  Well  Pump  Dry?  Describe: 


Samplers:  K 
Sampling  Date: 
Sample  Type:  . 


Split? 


Comments  and  Observations:  Co/Jj)  ■  $0 

I'fvp-  joc 


Time: 


With  Whom: 


Figure  4-1.  Field  Purge/Sampie  Sheets. 


FIELD  RECORD  OF  HELL  GAUGING,  PURGING  AND  SAMPLING 


Site:  Qou&H  (LfJL _ _ _ 

Weil  No:  Gauge  Date:  j 1L 

Weather:  £u/v^j  Ho'' 

Well  Condition:  &*£<£ _ __ _ 


ft  11 

Well  Diameter  (inches): 

Odor  (describe):  _ ; _ 

Sounding  Method: 

Stick  up/down  (ft): 

(1)  .Hell  Depth  (ft):  jZfL 


(2)  Depth  to  Liquid  (ft):  __________ 

(3)  Depth  to  Hater  (ft):  ^L£^L 

(4)  Liquid  Depth  [(!)-( 2)1:  zLiflL 

(5)  Liquid  Volume  [(4)xF]  (gal):  j 

Did  Hell  Pump  Dry?  Describe:  _ 

Samplers: 

Sampling  Date: 


Measurement  Reference:  T.o.c.. 

Purge  Date:  Time:  ______ 

_______  Purge  Method:  Sail. 


Purge  Rate  (gpm) :  _ 

Purge  Time  (min):  _ 

__  Purge  Volume  (gal)  :  S3  ■  $ 


Time: 


Sample  Type: 


Split? 


Hith  Whom: 


Comments  and  Observations:  •  <£g 

if-  SO.* 


Figure  4-1.  Field  Purge/Sampie  Sheets. 


FIELD  RECORD  OF  WELL  GAUG1DG ,  PURGIRG  ADD  SAMPLIDG 


Site:  h&nzjL  BzhdiL^ _ _ 

Well  No:  " IQ  ~  Gauge  Date:  j  5  Time:  J^/So 

Weather:  5u*"uy  ^ _ _ _ 

Well  Condition:  &00J _  ______ 


■J 

Well  Diameter  (inches): 

Oder  (describe): 

Sound  ine  Me  thod :  ^  * 

Stick  up/down  (ft): 

Measurement  Deference:  ~f*0*C.+ 

(1)  .Well  Depth  (ft):  35**3 0 

Purge  Date:  £3  j Time:  ^ 3 & 

(2)  Depth  to  Liquid  (ft): 

Purge  Method  :  ^ 

(3)  Depth  to  Water  (ft): 

Purge  Rate  (zpm) :  /  $ 

(4)  Liquid  Depth  [(!)-( 2)1:  <^3. 

^ V' „  ,  Purge  Time  (min): 

(5)  Liquid  Volume  l(A)xF)  (gal):  3_  Purge  Volume  (gal):  dc>3  o 

Did  Well  Pump  Dry?  Describe: 

A 

Samplers:  'uLiJLl 

Sampling  Date:  sl!L, ^ Time: 

Sample  Type:  .  Split?  ____________  With  Whom:  ________ 

Comments  and  Observations:  C6>/Oj)  ,5c> 

_ 'Tjf/rlp  ~  f _ 


Figure  4-1.  Field  Purge/Sampie  Sheets. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 

Site:  j)ov£ji  9)  , _ _ _ 

Well  No:  j) '  JO  P  Gauge  Date:  ^-3  /  J/W/f S'  Time: 

Weather:  5w^/  ^ _ _ _ 

Well  Condition:  ,  Qffd _ 


Well  Diameter  (inches):  £ 

Oder  (describe):  _ ; _ _ 

Sounding  Method:  _ _  Measurement  Reference: 

Stick  up/down  (ft):  °S It _ _ ________________________ 

(1)  -  Well  Depth  (ft):  -33-£o  Purge  Date:  Time:  HZL 

(2)  Depth  to  Liquid  (ft):  ______________  Purge  Method:  Fi^ ^ 

(3)  Depth  to  Water  (ft):  Purge  Rate  (gpm) :  y/' £ 

(A)  Liquid  Depth  l(l)-(2)]:  Purge  Time  (min):  _ 

(5)  Liquid  Volume  l(4)xF]  (gal):  Puree  Volume  (gel): 

Did  Well  Pump  Dry?  Describe: 


,s 

Samplers:  J‘8-  _  . 

Sampling  Date: 

_  Time: 

Sample  Type: 

Split?  _ 

With  Whom:  _ 

Comments  and  Observations: 

Coajd  ~ 

Tt'*1?  • 

Figure  4-1.  Field  Purge/Sample  Sheets. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 


Site:  Ooveij  8 _ ___ _ _ 

Weil  Ho:  S^io  -  4^*'^.  Gauge  Date:  .3  / J/9v) Time:  / ^ 


Weather: 


Sl'aJ/V'J 


Well  Condition:  &£>&d 


Well  Diameter  (inches): 

Odor  (describe):  _ ■ 

Sounding  Method:  ^dlhidL. * 


Measurement  Reference 


.  7T0.C. 


Stick  up/down  (ft):  £l 

(1)  -  Well  Depth  (ft):  7^  Purge  Date:  Time:  {£ilL 

(2)  Depth  to  Liquid  (ft):  ...  Purge  Method:  &  /}  f  L 

(3)  Depth  to  Water  (ft):  Purge  Rate  (gpm):  _ 

(4)  Liquid  Depth  t(l)-(2)]:  _  Purge  Time  (min):  _ 

(5)  Liquid  Volume  l(4)xF]  (gal):  Purge  Volume  (gal):  <£° 

Did  Well  Pump  Dry?  Describe:  _ i— ^ 

/» 


Samplers:  o'.  I _ 

Sampling  Date:  L ^  _  Time: 


Sample  Type: 


Split? 


With  Whom: 


Comments  and  Observations:  CoaJQ 


Figure  4-1.  Field  Purge/Sample  Sheets. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 

Site:  A/T  _ ___ _ 

Well  No:  Gauge  Date:  <£sL L 1  Time: 

Weather:  Svw/  V*  e _ _ _ 

Weil  Condition:  _ ^£££_ 

Well  Diameter  (inches):  ** 

Odor  (describe):  • _  _ _ _ _ 

Sounding  Method:  £ •  x _  Measurement  Reference:  / »  0 •  C-* 

Stick  up  /down  (ft):  _ _ 

(1)  .Well  Depth  (ft):  J£j Vo  Purge  Date:  ^JlOlUL  Time:  ^££. 

(2)  Depth  to  Liquid  (ft):  Purge  Method:  ^ 

(3)  Depth  to  Water  (ft):  Purge  Rate  (gpm) :  _ 

(4)  Liquid  Depth  i(l)-(2)]:  ^  Purge  Time  (min): 

(5)  Liquid  Volume  1(4)jcF]  (gal):  ^  Puree  Volume  (gal):  t. 

Did  Well  Pump  Dry?  Describe:  4l2. 

Samplers:  ^  ■ 

Sampling  Date:  _  Time:  _ — 

Sample  Type:  _  Split?  _  With  Whom:  _ 

Comments  and  Observations:  £OaW  m 

_ 7 W_1 _ _ _ 


Figure  4-1.  Field  Purge/Sample  Sheets. 


i - - ■ - — 

FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 


Site:  bwejj  _ _ 

Well  No:  G>  ft)  ^ ~  '&L  Gauge  Date:  ^ _ __  Time:  dGL. 

Weather:  Sw/vy  ^0*- _ _ 

Well  Condition:  Gccd _ 

n  11 

Well  Diameter  (inches):  _£< _ 

Odor  (describe):  • 

Sounding  Method:  _  Measurement  Reference:  £l 

Stick  up/down  (ft):  id 

(1)  -  Well  Depth  (ft):  Purge  Date»  Time:  _ 

(2)  Depth  to  Liquid  (ft):  _ ____________  Purge  Method:  . 

(3)  Depth  to  Water  (ft):  Purge  Sate  (gpm):  _____ 

(4)  Liquid  Depth  t(l)-(2)]:  Purge  Time  (min):  _ 

(5)  Liquid  Volume  [(4)xF)  (gal):  dl  Purge  Volume  (gal):  ^ 

Did  Well  Pump  Dry?  Describe:  ^ 


Samplers: 

Sampling  Date:  £3  I  Time:  _____________ 

Sample  Type:  _  Split?  _  With  Whom: 

Comments  and  Observations:  Co^d 


Figure  4-1.  Field  Purge/Sampie  Sheets. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 


Site:  PoveA  &££_ - - 

Well  Ho:  JO  '  A-  Gauge  Date: 

Weather:  5wV^..  _ _ _ 

Well  Condition:  _  _Jz££g{ _ __ _ — — 


lAAA. 


Well  Diameter  (inches):  _ _ _ . _  ■■  - - 

Odor  (describe):  _ ; - __ - - ■ - — - — — 

Sounding  Method:  ~  Measurement  Reference.  .  *  — — — 

Stick  up/cown  (ft):  _ _  _ _ _  — 

(1)  -  Well  Depth  (ft):  A Purge  Date:  Time:  - 

(2)  Depth  to  Liquid  (ft):  _ _ _  Purge  Method:  $*0  $JlL 

(3)  Depth  to  Water  (ft):  ^7  Purge  Rate  (gpm):  ■  — 

(4)  Liquid  Depth  [(l)-(2)]t  ■  —  purga  Time  (min):  - — 

(5)  Liquid  Volume  U4)kF]  (gal):  £^LZJL  Purge  Volume  (gal): 

Did  Well  Pump  Dry?  Describe:  jjo.  - —  - 

S  _  ■  -■ 

Samplers:  _ — — - — — - : - — 

Sampling  Date:  ^~L L ^Lk.  Time:  . .  „  .  . . 

Sample  Type:  _____________  Split?  -  With  Whom:  ■- 

Comments  and  Observations:  C@A)j)  -  //Q _ __ _ _ _ _ _ 

fe:  tlL  _ _ 


Figure  4-1.  Field  Purge/Sampie  Sheets. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 

Site:  llgUgjj  0-  &  _ _ 

Well  No:  S^L^-Jp  Gauge  Dat#|  <££h± v/9£_  Time: 

Weather:  Cloudy 

Well  Condition:  Good 

+  u 

Well  Diameter  (inches):  £ 

Odor  (describe):  _ ; _ ________ 

Sounding  Method:  £  •  £ _ _  Measurement  Reference:  7~  O.  G  „ 

Stick  up/down  (ft):  J'l^S H _ _ 

(1)  Well  Depth  (ft):  _/ /»  Purge  Date:  *23 ) Sh^ J Time: 

(Z)  Depth  to  Liquid  (ft):  . .  Purge  Method:  //^^O  £#il- 

(3)  Depth  to  Water  (ft):  Z#*  ££ _  Purge  Rate  (gpm):  _ 

(4)  Liquid  Depth  [(!)-( 2)  1 :  JL1*  Purge  Time  (min):  _ _ 

(5)  Liquid  Volume  l(4)xF]  (gal):  JLgj  Purge  Volume  (gal): 

Did  Well  Pump  Dry?  Describe:  /do _ 


A 

Samplers:  v/T/-  Ud 

Sampling  Date:  /fQ'o) $5 

Time: 

Sample  Type: 

Split? 

With  Whom: 

Comments  and  Observations: 

CoaJ£>- 

/s.oc 

Figure  4-1.  Field  Purge/Sample  Sheets. 


FIELD  RECORD  OF  HELL  GAUGING,  PURGING  AND  SAMPLING 


Site:  dlEA. _ _ 

Well  No:  £ L  Gauge  Date:  ££ j  f£ 

Weather:  C^udy  .. 

Well  Condition:  G*fd 


Time:  //VS" 


Well  Diameter  (inches): 

Odor  (describe):  _ _ _ 

Sounding  Method: 

I  Stick  up/down  (ft):  H 

(1)  -  Well  Depth  (ft):  ij£m 


Measurement  Reference: 


.  f.d.C. 


(1)  -  Well  Depth  (ft):  3£jj£_  Purge  Date:  £Jill2dlL  Time:  £»£l 

(2)  Depth  to  Liquid  (ft):  ____________  Purge  Method:  A 

(3)  Depth  to  Water  (ft):  JA-Ab  Purge  Rate  (gpm):  {j £ 

(4)  Liquid  Depth  [(1)-(2)J:  ‘ j ^  Purge  Time  (min):  _ _ 

(5)  Liquid  Volume  t(4)xF]  (gal):  *3  Puree  Volume  (gal): 

Did  Well  Pump  Dry?  Describe:  ^£, 


Samplers: 


•  u/ 


Sampling  Date:  23  /j/?*//£r 


Time: 


Sample  Type: 


Split? 


With  Whom: 


Comments  and  Observations:  COa)Q-  Sop 

fa?-  ^-7 


Figure  4-1.  Field  Purge/Sampie  Sheets. 


FIELD  RECORD  OF  HELL  GAUGING,  PURGING  AND  SAMPLING 


Site:  Doved  {jfJL _ — _ 

Well  No:  Gauge  Date:  Time: 

Weather:  Ml _ — _ 

Well  Condition:  QjiPPL _ — _ _ _ 


Well  Diameter  (inches):  _ 

Odor  (describe):  _ _ _ _ _ _ , _ 

Sounding  Method:  £  '  •£_ _ _  Measurement  Reference:  _ 

Stick  up/down  (ft): 

(1)  -  Well  Depth  (ft):  /^Lo^  Purge  Date:  J Ijfa  Time: 

(2)  Depth  to  Liquid  (ft):  _  Purge  Method: 

(3)  Depth  to  Water  (ft):  J*?' -33  Purge  Rate  (gpm) :  _____________ 

(4)  Liquid  Depth  £ ( 1 )  — ( 2)  ] s  Purge  Time  (min):  _ 

(5)  Liquid  Volume  ((4)xF)  (gal):  Purge  Volume  (gal): 

Did  Well  Pump  Dry?  Describe:  AJO 

Samplers:  •J*1**' 

Sampling  Date:  3  [  •Jm9£_  Time: _ : _ _ 

Sample  Type:  ___________  Split?  ____________  With  Whom:  _________ 

Comments  and  Observations:  COa>£)  JloO 

. . TzmP'  jjhf! _ 


Figure  4-1.  Field  Purge/Sample  Sheets, 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 


Sits:  iW/?  _  _ 

Well  No:  j^2£. J!fL  Gauge  Date:  ££ 1 

Weather:  Cl  turfy  _ _ _ „ — _ 

Well  Condition:  _  -  - — 


Time: 


J/0S~ 


3  l* 

Kell  Diameter  (inches):  jSL 

Odor  (describe):  _ ; _ 

Sounding  Method: 

Stick  up/down  (ft): 


Measurement  Reference: 


T-o.c„ 


(1)  -  Well  Depth  (ft):  JLLlZE.  Purge  Date:  Time:  JilL. 

(2)  Depth  to  Liquid  (ft):  _ _  Purge  Method: 

(3)  Depth  to  Water  (ft):  _  Purge  Rate  (gpm):  - 

(4)  Liquid  Depth  [(l)-(2)]t  ll  Purge  Time  (min):  - 

(5)  Liquid  Volume  t(4)xFj  (gal):  Pur8c  Volura®  (gal>: 

Did  Well  Pump  Dry?  Describe:  ^1°  - - -  - — 


Samplers:  ^ 

Sampling  Date:  j ^  Time: 

Sample  Type:  _  Split?  _ _  With  Whom: 

Comments  and  Observations:  C OAj0 -  £ _ _ 

J*/-S 


Figure  4-1.  Field  Purgo/Samp'e  Sheets. 


FIEiaD  RECORD  OF  HELL  GAUGING ,  PURGING  AND  SAMPLING 


Well  No:  Swu>  m  *75  %  P  Gauge  Date:  <23  i 

Weather:  £zh£!lSLx*  -3^ 

Well  Condition:  (y^d 


Time:  / 00$ 


4  1 1 

Well  Diameter  (inches):  ** 

Odor  (describe):  _ ; _ _ _ _ 

Sounding  Method:  £ '  •£_ _ _  Measurement  Reference:  £2  fl C  ‘ 

Stick  up/down  (ft):  H 

(1)  -  Well  Depth  (ft):  /<£•  Purge  Date:  Time:  /£ ££ 

(2)  Depth  to  Liquid  (ft):  _  Purge  Method; 

(3)  Depth  to  Water  (ft):  Purge  Rate  (gpm):  _ _ 

(A)  Liquid  Depth  [(l)-(2)]:  _  Si  Purge  Time  (min):  _ 

(5)  Liquid  Volume  t(4)xFj  (gal):  Purge  Volume  (gal): 

Did  Well  Pump  Dry?  Describe:  /^O _  _ 


S*mpler3 :  J  •  L,  UJ 

Samp  line  Date:  ^3  $  $ 

Time: 

Sample  Tvne:  Split-? 

With  Whom 

Comments  and  Observations? 

fe  mere* 

£flol<e/o 

Co  Aid  - 

AHd 

'Temp  -  MJ.  5" 


Fsgure  4-1.  Reid  Purge/Sarr.pls  Sheet 


FIELD  RECORD  OF  WELL  GAUGING „  PURGING  AND  SAMPLING 


Site:  DfiVe*  8Jl  (L  - _ _ _ 

Well  No:  Gauge  Date:  ££.  l&iZLttl. 


Time:  JSVO 


Weather:  CLcucJy  S£C 

Well  Condition: 


Well  Diameter  (inches):  £&_ 
Odor  (describe):  _ ; _ 


Sounding  Method:  J •  3-  * _  Measurement  Reference:  7» 

Stick  up/down  (ft):  /** _  — -  . — - - - — - 

(1)  -  Wall  Depth  (ft):  Purge  Date:  Time:  - 

(2)  Depth  to  Liquid  (ft):  _ _  Purge  Method:  ^_d*£L ' ficC^ 

(3)  Depth  to  Water  (ft):  lfLJ!^L  Purge  Rate  (gpm):  — -A  - 

(A)  Liquid  Depth  [(1)-(2)J:  e^°‘  7£-  Purge  Time  (min):  - _ - - 

(5)  Liquid  Volume  l(4)xFl  (gal):  jJL  7  Purge  Volume  (gal):  — 

Did  Well  Pump  Dry?  Describe:  ^0 _ _ _ _ — - - -  ■  — - 


Samplers:  _ 

Sampling  Date: 

Sample  Type:  _____________  Split?  , . 

Comments  and  Observations:  C££0  ~  U?5_ 

7* JO* 


Time: 


With  Whom: 


Figure  4-1.  Field  Purge/Sample  Sheets. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 


Site:  i W/j  (LEJLi 


Well  No:  *  j  Gauge  Date:  /j/Wf -i>~ 

Weather:  dTiot-»g/y  ^ 


Time: 


Well  Condition: 


Well  Diameter  (inches): 
Odor  (describe):  ■ 

Sounding  Method:  - 


Measurement  Reference: 


Stick  up/down  (ft): 


(1)  -  Well  Depth  (ft):  Purge  Date:  ZV&ujJZjT  Time:  08 /& 

(2)  Depth  to  Liquid  (ft):  ______________ 


^  //  T  __ 

Purge  Method: 


(3)  Depth  to  Water  (ft):  ^ ^ Purge  Rate  (gpm): 

(4)  Liquid  Depth  l  ( l)-(  2)  J :  ^‘S'o  Purge  Time  (min):  _ 


(5)  Liquid  Volume  [(4)xF)  (gal):  V- £  Purge  Volume  (gal):  £ 

Did  Well  Pump  Dry?  Describe:  /^O 


Samplers:  0  /?- 


Sampling  Date:  ty) ^AJ)9S~ _ 

Sample  Type:  _ _ _  Split?  _ 

Comments  and  Observations:  Co/Jf)  ~  •VVo 


Time: 


With  Whom: 


TkzuLjol 


Figure  4-1 .  Field  Purge/Sampie  Sheets. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 


Site:  tiolLiJi  dl£jL. 


Well  No:  ~ '?£'•  /  Gauge  Date: 

Weather: 


Time- 


o£)c 


Well  Condition:  „£°ecL 


Well  Diameter  (inches):  ^ 

Odor  (describe):  _ _ _ 


(/ 


Sounding  Method:  ~ 

Stick  up/down  (ft):  /'/V5  M 


Measurement  Reference 


.  7Uk  c. 


(1)  -  Well  Depth  (ft):  3JL  §J2.  Purge  Date:  Tine: 

(2)  Depth  to  Liquid  (ft):  .  Purge  Method:  F-U>c^> 


(3)  Depth  to  Water  (ft):  JJl-  Purge  Rate  (gpm): 

(4)  Liquid  Depth  [(l)-(2)]:  Purge  Time  (min):  - 


(5)  Liquid  Volume  t(4)xF]  (gal):  Purge  Volume  (gal):  <££*£- 

Did  Well  Pump  Dry?  Describe:  /l^ _  — - 


Samplers:  • _ 

Sampling  Date:  j_ ^_T 


Time: 


Sample  Type: 


Split? 


With  Whom: 


Comments  and  Observations: 


Figure  4-1.  Field  Purge/Sampie  Sheets. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 


Site:  uoveti.  BlEA:  _ _ 

Weil  Ho:  ?£_JL  Gauge  Date:  J#/3hO}9S  Time:  #8*? 

Weather:  C-i o uby  3o " _ _ _ _ 

Well  Condition: 


Well  Diameter  (inches):  ' 

Odor  (describe):  •  _ ___ _ 

Sounding  Method;  L‘  & _  Measurement  Reference:  7l  £>  C. 

Stick  up /down  (ft):  _ _ _ 

(1)  -  Well  Depth  (ft):  _  Purge  Date:  Jy  Jjb^IjrS  Time:  Q$Jlc 

(2)  Depth  to  Liquid  (ft):  Purge  Method: 

(3)  Depth  to  Water  (ft):  _  Purza  Rate  (com): 


(3)  Depth  to  Water  (ft):  _  Purga  Rate  (gpm):  ^ 

(4)  Liquid  Depth  [(!)—  (2)J:  Purge  Time  (min): 

(5)  Liquid  Volume  [(4)xF)  (gal):  ^  Purge  Volume  (gal): 

Did  Well  Pump  Dry?  Describe:  _ 


Samplers: 

Sampling  Date:  [9S_ _ 

Sample  Type:  _ _  Split?  _ 

Comments  and  Observations:  CoOb  -  So 

_  J'grtp-  jot 


With  Whom: 


Figure  4-1.  Field  Purge/Sample  Sheets. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 


Site:  Do»etl  BJ2&. 


Well  No:  /  Gauge  Date: 

Weather:  C  loopy  £cC _ _ _ 

Well  Condition:  r-cocL _ _ _ _ 


Time; 


0  9 So 


Well  Diameter  (inches):  _ 
Odor  (describe):  • 


Sounding  Method:  Measurement  Reference:  7* 

Stick  up/down  (ft):  )~~J- ^ S -H  ~_ — __ - - -  ■  ■■■■ 


(1)  .Well  Depth  (ft):  &L  ‘Lb.  Purge  Date:  Tine:  £2k£. - 

(2)  Depth  to  Liquid  (ft):  _ _  Purge  Method:  J? '  fcd>  - 


(3)  Depth  to  Water  (ft):  —  Purge  Rate  (gpm):  ^ 

(4)  Liquid  Depth  1(1)— ( 2) 1 :  j^gL  Purge  Time  (min): 


(5)  Liquid  Volume  l(4)xFl  (gal)t  ^^^l^  Purge  Volume  (gal):  ,  (LUL. 
Did  Well  Pump  Dry?  Describe:  /^O  - - — ■ 


:  2L& 


Samplers 
Sampling  Date:  5 

Sample  Type:  _ 


Time: 


Split? 


With  Whom: 


Comments  and  Observations:  £#a)/)  - 


Jk >7/3-  liL 


Figure  4-1.  Field  Purge/Sample  Sheets. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 

Site:  p).  fc  B. _ __ 

Well  No:  JhHiZL L  Gauge  Date:  £jl232ldl2£.  Time:  JOVO 
Weather:  o  ud\j 


Well  Condition:  Good 


Well  Diameter  (inches):  ' 

Odor  (describe): 

Sounding  Method: 

Stick  up /down  (ft): 

_  Measurement  Reference: 

(1)  .Well  Depth  (ft);  9o  Purge  Date:  Time:  /Oof 

(2)  Depth  to  Liquid  (ft):  .  Purge  Method:  vfeZ)  i '•  j~J-o 

(3)  Depth  to  Water  (ft):  ^jLLj  Purge  Rate  (gpm): 

(4)  Liquid  Depth  t(l)-(2)J:  )%  Purge  Time  (min):  _ 

(5)  Liquid  Volume  t(4)xF]  (gal):  <£*-8  Purge  Volume  (gal): 

Did  Well  Pump  Dry?  Describe: 

t* 

Samplers:  _ _ _ _ _ 

Sampling  Date:  £9^ QS  _  Time: 

Sample  Type:  _ _  Split7  _  With  Whom:  _ 

Comments  and  Observations:  C0^>i)  ~  _ _ 

JfM?  ~  //  C_ 


Figure  4-1.  Field  Purge/Sampie  Sheets. 


FIELD  RECORD  OF  HELL  GAUGING,  PURGING  AND  SAMPLING 


Site:  UM&  dt  EL  tL _ 

Well  No:  ^J2l!dzJAd-  Gauge  Date: 

Weather:  CU»±/  jSj _ 


Time:  JJ£>^ 


Well  Condition: 


Well  Diameter  (inches): 
Odor  (describe):  - 


Sounding  Method:  IaLl.X.  _  Measurement  Reference:  %  e>, 

Stick  up/down  (ft):  /* tl _ _ _ _ — - 

(1)  .Well  Depth  (ft):  VjL  Purge  Date:  Time:  - _ 

(2)  Depth  to  Liquid  (ft):  _ _  Purge  Method:  ^ i&JZ&LJfi&id- 

(3)  Depth  to  Water  (ft):  IdJijBz.  Purge  Rate  (gpm):  dl  — 

(4)  Liquid  Depth  [  ( l)-(  2)  J :  Z£l  ^  Purge  Time  (min):  - _ - 

(5)  Liquid  Volume  t(4)xFl  (gal):  Purge  Volume  (gal):  r>3-#nwm 

Did  Well  Pump  Dry?  Describe:  — 


Samplers:  j l£. _ 

Sampling  Date:  d. %£ 

Sample  Type:  _  Split?  ..  _ 

Comments  and  Observations:  Qo^d.  Hd. 

Ye*?-  //  ' 


Time; 


With  Whom: 


Figure  4-1.  Field  Purge/Sample  Sheots. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 

Site:  l^OUgji  BfjLz _ 

Well  No:  pMUX  ~  / Q_  n«n.t  Time:  /V/J>~ 

Weather:  CXoody  3$  ^ 

Well  Condition:  (2>oooL _ _ _ _ 


Sj  )) 

Well  Diameter  (inches):  <&- 
Odor  (describe):  • 

Sounding  Method:  m  Measurement  Reference:  7*  0 %  C& 

Stick  up/down  (ft): 

(1)  -  Well  Depth  (ft):  ho  Purge  Date:  ^ yJj*?*) / 9S  Time:  ^ 

(2)  Depth  to  Liquid  (ft):  Purge  Method:  TfVp/ 

(3)  Depth  to  Water  (ft):  JS+  £>  «=2_  Purge  Rate  (gpm):  S' 

(4)  Liquid  Depth  [(1)-(2)J:  0 $  Purge  Time  (min):  _ 

(5)  Liquid  Volume  [(4)xF]  (gal):  Purge  Volume  (gal):  3 

Did  Well  Pump  Dry?  Describe: 

/i 


Samplers 


Sampling  Date: 


Time: 


Sample  Type: 


Split? 


With  Whom: 


Comments  and  Observations:  Co'Qd  - 


70/rjr’  -  Jo  c 


Figure  4-1 .  Field  Purge/Sample  Sheets. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 


Site:  Pol iejj  £L£3. 


Well  No:  1 P  Gauge  Date:  «g -  Time: 

Weather:  Su^'ov  -3S~  -  —  - 


Well  Condition: 


£ocol 


Well  Diameter  (inches): 

Odor  (describe):  • _ 


// 


Sounding  Method:  »  XI 

Stick  up/down  (ft): 


Measurement 


Reference:  Tm 


(1)  .Well  Depth  (ft):  LJjO  Purge  Date:  £±jl fydZk  Time:  - 

(2)  Depth  to  Liquid  (ft):  _ _  Purge  Method:  $2 


(3)  Depth  to  Water  (ft):  _  Purge  Rate  (gpm):  — — &ZJ-2. 

(A)  Liquid  Depth  ((!)-( 2)1:  iBJL  Purge  Time  (min):  - . 


(5)  Liquid  Volume  t(4)xFj  (gal):  ^±3  Puree  Volume  (gal): 

Did  Well  Pump  Dry?  Describe:  AJo  - - - 


Samplers: 


Sampling  Date: 

Sample  Type:  _  Split?  _ 

Comments  and  Observations:  CoAJl)  -  Jjo 


Time; 


With  Whom: 


7 'inti  ilL 


Figure  4-1.  Field  Purge/Sample  Sheets. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 


Site: 

Well  No:  S/y>t*J  -^5'-  /  Gauge  Date:  /%3  Time:  03  Jo 

Weather:  5  so 

Well  Condition:  £  ox>ct 

Well  Diameter  (inches):  £ 

Odor  (describe):  • 

Sounding  Method:  __CO *  Measurement  Reference:  $ »  C» 

Stick  up/down  (ft): 

(1)  Well  Depth  (ft):  _  / b  Purge  Date:  3# J 9s  Time:  03 So 

(2)  Depth  to  Liquid  (ft);  Purge  Method:  3/1/ 

(3)  Depth  to  Water  (ft):  $ 0  Purge  Rate  (gpm):  . 

(4)  Liquid  Depth  [(1)-(2)J:  ^3  S'  Purge  Time  (min):  _ 

(5)  Liquid  Volume  ((4)xFj  (gal):  Purge  Volume  (gal): 

Did  Well  Pump  Dry?  Describe:  yt/k 

A 

Samplers:  JZ  UJ 

Sampling  Date:  £v/ /?S  Time:  _ _ 

Sample  Type:  _ _  Split?  _  With  Whom:  _ 

Comments  and  Observations:  CRRRQ.  .sl&Q.  _ 

_  7j££2£z.  JjCL  —  _ 


Figure  4-1.  Field  Purge/Sample  Sheets. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 


Site:  tinveil _ 


Well  No:  ~  J 0  -  /  Gauge  Date:  Time:  .  88^^. - 

Weather:  &d*l£  j£S if _ _ _ — - 


Well  Condition: 


(socgL 


Well  Diameter  (inches): 
Odor  (describe):  • 


/t 


Sounding  Method:  J-- If _  Measurement  Reference:  0 r-Q^.- 

Stick  up/down  (ft): 


(1)  .Well  Depth  (ft):  -/S'*  r7S_  Purge  Date:  Time:  — . — 

(2)  Depth  to  Liquid  (ft):  _ _  Purge  Method:  Lu 


(3)  Depth  to  Water  (ft):  jh  Purge  Rate  (gpm):  - _ 

(4)  Liquid  Depth  t(l)-(2)J:  Purge  Time  (min):  - — 

(5)  Liquid  Volume  t(4)xFl  (gal):  Furze  Volume  (gal): 

Did  Well  Pump  Dry?  Describe:  aJo  — 


Samplers: 


Sampling  Date:  L/ / 9S 

Sample  Type:  _  Split?  _ _ 

Comments  and  Observations: 


Time: 


With  Whom: 


7&/n?-  JO 


Figure  4-1.  Field  Purge/Sample  Sheets. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 


Site:  j)oueR.  £L£lL 


Well  No:  Gauge  Date:  Time:  / ^Vo 

Weather:  SusO/Q  y 

Well  Condition: 


-£r°C>d 


Well  Diameter  (inches): 

Odor  (describe):  • 

Sounding  Method:  ...  Measurement  Reference:  7^  £  • 

Stick  up/down  (ft):  H— 

(1)  Well  Depth  (ft):  Sb  Purge  Date:  Time:  JV'S' 

(2)  Depth  to  Liquid  (ft):  _____________  Purge  Method:  ^ - /Zo 

(3)  Depth  to  Water  (ft):  Purge  Rate  (gpm) :  ^  — ' 

(4)  Liquid  Depth  1(1)  — (  2)  ] :  Purge  Time  (min):  __________ 

(5)  Liquid  Volume  [(4)xF]  (gal):  <7/  Purge  Volume  (gal): 

Did  Well  Pump  Dry?  Describe: 

Samplers: 

Sampling  Date:  / £5"  Time: _ _ _ 

Sample  Type:  _ _  Split?  _  With  Whom:  _ 

Comments  and  Observations:  CoMd  '  <^ho _ 

_ 7g/nf-  Jto  c 


Figure  4-1.  Field  Purge/Sample  Sheets. 


FIELD  RECORD  OF  HELL  GAUGING,  PURGING  AND  SAMPLING 


Site: 


Well  No:  5rK>uJ  -  JO  -  Gauge  Date:  £± ‘JXtiVLL  Tine:  S3/S 


Weather: 


w 


Well  Condition: 


Well  Diameter  (inches): 


Odor  (describe): 
Sounding  Method: 


IV.  J..  X. 


Measurement  Reference: 


Stick  up/down  (ft):  J^jXLtL 

(1)  -  Well  Depth  (ft):  9 ( £  Purge  Date:  3 & Time:  J3 4. 


(2)  Depth  to  Liquid  (ft):  _____________  Purge  Method: 

(3)  Depth  to  Water  (ft):  J J*  3X  Purge  Rate  (gpm):  _ 

(4)  Liquid  Depth  £  ( 1 ) — (  2)  3 :  Purge  Time  (min):  _ 

(5)  Liquid  Volume  t(4)xF]  (gal):  _ Purge  Volume  (gal): 

Did  Well  Pump  Dry?  Describe:  /Vo 


Samplers: 


.  Z'LuJ 


Sampling  Date: 


Time: 


Sample  Type: 


Split? 


With  Whom: 


Comments  and  Observations:  (POVi) '  W V 

'f'/rtP-  J0C 


Figure  4-1 .  Field  Purge/Samp!©  Sheets. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 


Site 


:  dJL&± 


Well  Nos  7  Gauge  Dates  Times 

Weathers  5w/vy  _ _ 

Well  Conditions  fecsxJ 


.  .  // 

Well  Diameter  (inches)s  *V 

Odor  (describe) s 

Sound ine  Method:  60 *  ZT 

Stick  up/down  (ft)s  Q0-OO 

Measurement  Reference*  6 »  0*  Co 

(1)  -  Well  Depth  (ft)$  Purge  Dates  _ 

(2)  Depth  to  Liquid  (ft)s  .  Purge  Methods 

(3)  Depth  to  Water  (ft)s  J J»  O  Purge  Rate  (gpm): 

(4)  Liquid  Depth  t(l)-(2)J:  _  Purge  Time  (min)s 


Times 


(5)  Liquid  Volume  l(4)xF]  (gal)s 
Di.d  Well  Pump  Dry?  Describe!  __ 


Purge  Volume  (gal): 


Samplers  \ 


Sampling  Date: 
Sample  Type:  _ 


Time: 


Split? 


With  Whom: 


Comments  and  Observations:  COaJP  -  <§>S 


2k^2f-JPc 


Figure  4-1.  Field  Purge/SampSe  Sheets. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 


Site:  Douefi  F 8 _  _ _ _ _ 

Well  No:  Gauge  Date:  Z££  -  Time:  X5*" 

Weather:  css-t/vy  -  - 

Well  Condition:  G oc>/>/ _ _ _ _ _ —————————— 


Well  Diameter  (inches):  jL 

Odor  (describe):  _ _ _ _ _ _ _ 

Sounding  Method:  _  Measurement  Reference:  _____ 

Stick  up/down  (ft):  __________________________________________ 

(1)  -  Well  Depth  (ft):  3_  /7o_  Purge  Date:  _ _  Time: 

(2)  Depth  to  Liquid  (ft):  _______________  Purge  Method:  - 

(3)  Depth  to  Water  (ft):  Purge  Rate  (gpm):  - 

(4)  Liquid  Depth  l(l)-(2)]:  %£.  Purge  Time  (min):  _ 

(5)  Liquid  Volume  l(4)xF]  (gal):  _ Purge  Volume  (gal): 

Did  Well  Pump  Dry?  Describe:  ____________________________________ 


Samplers:  - 

Sampling  Date:  Time: 


Sample  Type:  _____________  Split?  -  With  Whom: 

Comments  and  Observations:  '  *70  _ 

_ -  JJ 


Figure  4-1.  Field  Purge/Sample  Sheets. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 


Site:  /?.  f.  £, 


Well  Ho:  _Sm*>-£S-  l£  Gauge  Date,  Time: 

Weather:  3Jj-  ^ 

Well  Condition: 


Well  Diameter  (inches): 

Odor  (describe):  - _ _ _ _ 

Sounding  Method:  — « XT . _ Measurement  Reference:  7*  O* 

Stick  up /down  (ft):  _ _ _ 

(1)  •  Well  Depth  (ft):  S ^ '^0  Purge  Date:  ^,A> Iff  Time* 


(1)  •  Well  Depth  (ft):  S ^ '^0  Purge  Date:  ^ ¥jL. LL£.  Time:  ______ 

(2)  Depth  to  Liquid  (ft):  _  Purge  Method:  '6/)r°L 

(3)  Depth  to  Water  (ft):  (o2.  Purge  Rate  (gpm):  ___________ 

(4)  Liquid  Depth  ((1)-(2)J:  tLEOL.  Purge  Time  (min):  _ 

(5)  Liquid  Volume  ((4)xFj  (gal):  Purge  Volume  (gal):  /£%  S 

Dj.d  Well  Pump  Dry?  Describe:  x/t,6  _ _ 


Samplers:  UJ* 

Sampling  Date:  ^ 9S 

Sample  Type: _ _ Split?  _ 

Comments  and  Observations :  COAJQ -  &0o 

_ _ _ SJL* 


Time: 


With  Whom: 


Figure  4-1 .  Field  Purge/Sampie  Sheets. 


FIELD  RECORD  OF  WELL  GAUGING,  PURGING  AND  SAMPLING 


Site:  &£JL 


Well  No:  S  mu.  - /  p  Gauge  Date:  S 7 9-i  Time:  S3 5*0 

Weather:  S/c>  ^ _ _ 


Well  Condition:  £70^0/ 


Well  Diameter  (inches):  A 

Odor  (describe):  _ ; _ 

Sounding  Method:  i - -ZI ^ 


// 


Measurement  Reference 


.  t.  0.  c 


Stick  up/down  (ft):  _ _ _ __ 

(1)  -  Well  Depth  (ft):  LOlH^L.  Purge  Date:  Time:  __ ___ 

(2)  Depth  to  Liquid  (ft):  _____________  Purge  Method:  ~ 


(3)  Depth  to  Water  (ft):  {jS  <£^j_ 


(4)  Liquid  Depth  [(!)-( 2)]: 


.  3.1 


Purge  Rate  (gpm) : 
Purge  Time  (min): 


(5)  Liquid  Volume  [(4)xF]  (gal):  Purge  Volume  (gal):  3. 

Did  Well  Pump  Dry?  Describe:  Afo  _ _ 


Samplers:  AlLAl 


Sampling  Date:  l^j^l I ^ 

Sample  Type:  _  Split?  . 

Comments  and  Observations:  C 0/^0  - 


Time: 


With  Whom: 


TjZrfjL  lA 


Figure  4-1.  Field  Purge/Sample  Sheets. 


Appendix  F 

Ground-Water  VOC  Data 
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F:\PROJ\6037826\0013\GW-DATA\GW-VOCS.WB2 


TABLE  F .4-2  INITIAL  GROUND-WATER  VOC  CONCENTRATIONS  IN  DEEP  MONITORING  POINTS 

MAY  TO  JUNE  1994  -  SITE  SS59  -  DOVER  AFB,  DELAWARE 
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TABLE  F.4-3  MID-TERM  GROUND-WATER  VOC  CONCENTRATIONS  IN  SHALLOW  MONITORING  POINTS 

11  OCT  1994  -  SITE  SS59  -  DOVER  AFB,  DELAWARE 


F:\PROJ\6037826\0013\GW-DATA\GW-VOC  1.WB2 


TABLE  F .4-4  MID-TERM  GROUND-WATER  VOC  CONCENTRATIONS  IN  DEEP  MONITORING  POINTS 

1 1  OCT  1994  -  SITE  SS59  -  DOVER  AFB,  DELAWARE 


F:\PROJ\6037826\001 3\GW-DATA\GW-VOC,_1  WB2 


F:\PROJ\6037826\001 3\GW~DATA\GW-V0C  2.WB2 


TABLE  F.4-6  FINAL  GROUND-WATER  VOC  CONCENTRATIONS  IN  DEEP  MONITORING  POINTS 

25  JAN  1995  -  SITE  SS59  -DOVER  AFB,  DELAWARE 
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F:\PROJ\6037826\0013\GW-DATA\GW-VOC_2.WB2 


TABLE  F.4-7  FINAL  GROUND-WATER  VOC  CONCENTRATIONS  IN  SHALLOW  DIRECT  PUSH  MONITORING  POINTS 

25  JAN  1995  -  SITE  SS59  -  DOVER  AFB,  DELAWARE 


F:\PROJ\6037826\0013\GW-DATA\GW-VOC_2.WB2 


DOVER  AFB  SITE  SS59  AREA  2 

GROUND-WATER  MONITORING  RESULTS  -  EXTENDED  AAS/SVE  TEST 
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NA  =  Not  Applicable  ND  =  Not  Detected 

”<#"  =  sample  concentration  was  determined  to  be  less  than  the  detection  limit  (#) 


Table  F.4-9  (Continued)  Dover  AFB  -  Site  SS59  -  Area  1 

Ground-Water  Monitoring  Results  -  Extended  AAS/SVE  Test 


NA  =  Not  Applicable  NO  =  Not  Detected 

"<#"  =  sample  concentration  was  determined  to  be  less  than  the  detection  limit  (#) 


Table  F.4-9  (Continued)  Dover  AFB  -  Site  SS59  -  Wise.  Wells 

Ground-Water  Monitoring  Results  -  Extended  AAS/SVE  Test 


Appendix  G 

System  Operational  Data 


6-Month  AAS/SVE  System  Operational  Condition  Record 


F:\PROJ\6037826\0013\TESTDATA\SYS-COND.WQ1 


WELLS  -  SECTION  1 
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Location  Name 

H 

Monday 
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WELLS  -  SECTION  1 
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92  Read’s  Way,  Suite  109 
New  Castle,  DE  19720 
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If  you  have  any  questions  or  problems,  or  if  the  system  is  not  operating  properly  please  call: 

Tom  Fruehstorfer  (302)  325-3560 
EA  Engineering 
92  Read’s  Way,  Suite  109 
New  Castle,  DE  19720 

After  business  hours  or  weekends  call  (302)  655-0485  and  leave  a  message 
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If  you  have  any  questions  or  problems,  or  if  the  system  is  not  operating  properly  please  call: 

Tom  Fruehstorfer  (302)  325-3560 
EA  Engineering 
92  Read’s  Way,  Suite  109 
New  Castle,  DE  19720 

After  business  hours  or  weekends  call  (302)  655-0485  and  leave  a  message 
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.  If  you  have  any  questions  or  problems,  or  if  the  system  is  not  operating  properly  please  call: 

Tom  Fruehstorfer  (302)  325-3560 
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|  92  Read’s  Way,  Suite  109 
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After  business  hours  or  weekends  call  (302)  655-0485  and  leave  a  message 
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If  you  have  any  questions  or  problems,  or  if  the  system  is  not  operating  properly  please  call: 

Tom  Pruehstorfer  (302)  325-3560 
EA  Engineering 
92  Read’s  Way,  Suite  109 
New  Castle.  DE  19720 

After  business  hours  or  weekends  call  (302)  055  (MK5  and  leave  a  message 
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